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FOREWORD 


This volume of the Final Report summarizes the analysis used to assess 
the structural life of the SSME High Pressure Fuel Turbo-Pump (HPFTP) Third 
Stage Impeller. A cyclic symmetrical section of the Third Stage Impeller was 
modeled with finite elements using DIAL* A three-phase analysis concluded 
that the impeller operates very near the upper limits of its capabilities at 
Full Power Level (FPL). This analysis was performed by Kirby V. Pool under 
Contract NAS8-37282. 

In addition, the following individuals contributed greatly to the 
analysis and the report: 


David Catalano 
Robert Clark 
John Dickens 
Bruce Fong 
Edward Szeto 
Michael Walsh. 
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1. INTRODUCTION AND OVERVIEW 

The SSME High Pressure Fuel Turbo-Pump (HPFTP) is a three-stage turbine 
pump which pressurizes liquid hydrogen from an inlet pressure of 178 psi 
(nominally) to an outlet pressure of over 6000 psi. At Full Power Level (FPL) 
the impeller/turbine shaft rotates at over 37,000 rpm and the entire unit 
produces approximately 77,000 horsepower. Clearly, a turbine or impeller 
failure at this speed and power level could be catastrophic. 

On one occasion in particular, an SSME ground test was prematurely termi- 
nated due to excessive vibration of an HPFTP (Refs. 1 and 2). Post- test inves- 
tigation revealed the existence of a high cycle fatigue crack in the shroud of 
the First Stage Impeller. The crack apparently initiated at a sharp corner 
(the part was not properly manufactured) at the juncture of the vane and shroud 
of the impeller rim. As a result of this failure, Rocketdyne performed a 
structural dynamic test and analysis program which is documented in Reference 
3. The conclusion of the Rocketdyne report was that "the stresses calculated 
in the analysis were not sufficient to cause a failure." This inability of 
analysi.o to predict the failure prompted further interest in the problem and 
eventual Ly led to this current study. 

The purpose of this analysis was to assess the structural life of the 
HPP’TP Third Stage Impeller. Although the centrifugal loading will be the same 
for all three impellers (since they rotate on the same shaft and are very 
similar in size and shape), the Third Stage Impeller is of particular interest 
because it has the largest pressure loading. Because of this, it also has the 
largest amplitude forcing function of the three impellers. 

This analysis was performed in three phases, all using the DIAL finite 
element code (Ref. 4). The first phase was a static stress analysis to de- 
termine the mean (non-varying) stress and static margin of safety for the part. 
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The loads involved were steady state pressure and centrifugal force due to 
spinning. The second phase of the analysis was a modal survey to determine 
the vibrational modes and natural frequencies of the impeller. The third 
phase was a dynamic response analysis to determine the alternating component 
of the stress due to time varying pressure impulses at the outlet (diffuser) 
side of the impeller. 

The results of the three phases of the analysis show that the Third Stage 
Impeller operates very near the upper limits of its capability at FPL loading. 
The static loading alone creates stresses in some areas of the shroud which 
exceed the yield point of the material (Ti-5Al-2.5Sn ELI). Additional cyclic 
loading due to the dynamic force could lead to a significant reduction in the 
life of this part. The cyclic stresses determined in the dynamic response 
phase of this study are based on an assumption regarding the magnitude of the 
forcing function. Further studies should be done to better quantify the 
dynamic loading of the Third Stage Impeller. 
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2. FINITE ELEMENT MODEL DESCRIPTION 


Figure 1 is a plot of the DIAL finite element model of one-sixth of the 
HPFTP Third Stage Impeller. Figure 2 is a color light source shaded plot of 
the model from a different perspective. This model was used for each of the 
three phases of the analysis discussed earlier. Table 1 identifies the 
components of the model and provides a breakdown of the number of nodes and 
elements in each component. In brief, the model contains a total of 1,168 
parabolic (ZIB-20) elements, 7,068 nodes and 21,161 degrees of freedom (DOF). 
It should be noted that no attempt was made to model the fillets at the 
intersection of the vanes and the hub and shroud. 


Table 1 NODE AND ELEMENT STATISTICS FOR HPFTP 
THIRD STAGE IMPELLER 3-D MODEL 


1 Component | 

Drawing Number 

1 

Nodes 

1 

E 1 ements j 

1 Impe 1 1 er Hub | 

RS007556 

1 

2481 

- + 
1 

408 solids ( 


(Sheets 8 to 13) 

1 


1 


I Impe 1 1 er Shroud | 

RS007556 

1 

2850 

“ + 
1 

453 so lids j 

1 1 

(Sheets 8 to 13) 

1 


1 


{Blades | 

RS007556 

1 

385 

1 

82 solids { 

1 1 

(Sheets 12,13) 

1 




|Hub Center | 

RS007556 

1 

1352 

1 

225 solids { 

1 1 

(Sheets 8 to 13) 

1 

a. _ 




1 Constraint Elems | 


1 


“ + ' 
1 

1374 { 

jfor Symmetry BC’sj 
1 


1 


{constraints ( 


TOTALS 

1 

7088 

- T 
{ 

1 

1168 sol idsj 



1 

(21,161 DOF) 

1 

1374 cons j 
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3. CYCLIC SYMMETRY BOUNDARY CONDITIONS 

In order to provide a high level of detail and still maintain a workable 
size model, it was necessary to take advantage of the natural symmetry of the 
problem. Because of the complex nature of the geometry and the dynamic 
loading, it was necessary to use "cyclic symmetry" boundary conditions to 
achieve this. 

This cyclic symmetric structure is one that comprises several identical 
segments attached together in a repetitive fashion. It is possible to take 
advantage of this repetitive nature and obtain an exact solution for the com- 
plete part by modeling only one segment and applying the appropriate boundary 
conditions. For the case of the HPFTP Third Stage Impeller, one 60“ segment 
finite element model and four sets of boundary conditions were necessary to 
completely and accurately model the behavior of the full Impeller. For the 
purposes of this discussion, the common names given to these boundary condi- 
tions (as found in the literature) are the symmetric-symmetric, first de- 
generate, second degenerate, and antisymmetric-antisymmetric boundary 
conditions. 


The primary benefit of cyclic symmetry is that the method allows the 
transformation of the full model into several smaller uncoupled models which 
are analyzed separately. This has two advantages. The first is that the 
number of degrees of freedom is smaller per symmetric component model and the 
bandwidth (average column height) is also greatly reduced. It is not uncommon 
for this reduction to result in an order of magnitude reduction in the computer 
cost of the analysis. The second advantage is that, for a particular loading, 
the results (displacements, stresses, etc.) have to be evaluated for only one 
physical segment since the one segment typifies the other segments. This can 
also result in computer analysis savings and most importantly a significant 
reduction in computer resources (disk space, I/O, etc.). 
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Had cyclic symmetry not been used in this analysis, the resulting model 
would have been approximately 120,000 DOF and could not have been analyzed 
with current computer resources. The three 40,000 DOF models, however, were 
manageable. (A more detailed description of the application of cyclic symmetry 
boundary conditions appears in Ref. 5). 
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4. EXTERNAL LOADING AND BOUNDARY CONDITIONS 

The loading and boundary conditions were different for each phase of the 
analysis, and each will be addressed separately. 


4.1 STATIC ANALYSIS 

Because of the symmetry of the loading, the static analysis (with pressure 
and centrifugal forces) excited only the symmetric modes. The boundary condi- 
tions, therefore, reduced to the symmetric-symmetric case in which the dis- 
placements of the left edge of the model are tied directly to those of the 
right edge . 


The loading for the static analysis was obtained from Gene Teal of LMSC's 
Huntsville Engineering Center (HEC) on 22 July 1988 (refer to Appendixes A and 
B) . The FPL loads used were as follows; 


Load Case 1 - 
Load Case 2 - 
Load Case 3 - 

Load Case 4 - 
Load Case 5 - 


An angular velocity of 37,342 rpm (3910.4 rps). 

Distributed load on hub and on shroud (Figures 3 and 4). 

6000 psi pressure on top of shroud from the labyrinth seals 
to the Impeller rim and 4500 psi in the vicinity of the 
labyrinth seals (Figure 5). 

5000 psi pressure on bottom of hub (Figure 6). 

100% torque (10971.2 ft- lb) to input shaft. 

66.7% torque to output shaft (Figure 7). 

Pressure on vanes to counteract remaining 33.3% torque 
(Figure 8). 


4.2 MODAL ANALYSIS 

The modal analysis involved a separate solution for each of the possible 
(symmetric, first degenerate, second degenerate and antisymmetric) boundary 
conditions. The only external boundary condition applied was to fix one end 
of the hub in the axial direction. 
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Modal Truncation (MT) vectors (to be discussed in more detail later) were 
added to the modal set to exactly represent the dynamic pressure loading that 
was applied in the dynamic response analysis. 

In a separate modal analysis, loads due to spinning were applied to create 
a pre-stress in the impeller. This was done (using the symmetric-symmetric 
boundary condition only) to investigate the '‘spin stiffening" effect due to 
the high angular velocity (37,342 rpm) . 

4.3 DYNAMIC RESPONSE ANALYSIS 

The loading used for the dynamic transient analysis was obtained from a 
Rocketdyne report (Ref. 3) on the HPFTP First Stage Impeller. This loading 
consisted of pressure impulses due to the impingement of fluid from the 15 
inlet vane guides on the inlet side of the impeller vanes and the 13 diffuser 
vane guides on the outlet side of the impeller vanes. The pressure pulse was 
assumed to be triangular in shape and the magnitudes of the pulses were assumed 
to be the same for all vane guide positions (both on the inlet and outlet side 
of the impeller) . It was discovered late in this analysis that there are only 
13 inlet vane guides for the Third Stage Impeller. Since most of the concern 
in the past has been about the outer edges of the impeller, it was decided that 
attention would be focused in this region and the contribution to the stresses 
due to the inlet vane guides could be neglected (for a first estimate). Figure 
9 shows the diffuser vane guide spatial loading used for the dynamic response 
analysis. Note that the pressure pulse loading varies with time so that the 
vanes shown in Figure 9 will not all experience the peak loading at the same 
time. 


The magnitude of the pressure pulse has been the subject of much con- 
jecture. The Rocketdyne report (Ref. 3, Figure 2-25) shows a peak delta 
pressure of 300 psi at the outer tip of the full vane, trailing off to some 
lower value at an unspecified distance inside the impeller rim. A NASA report 
(Ref. 1) presents pressure pulse magnitudes ranging from 215 psi to 633 psi at 
the rim of the impeller (depending on the gap width between the diffuser vanes 
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and the impeller rim), decreasing linearly to zero at 1.0 inch inside the im- 
peller rim. This represents a total force per blade (assuming a blade width 
of 0.55 inch as in the drawings) of ~ 60 to ~ 175 lb. The value chosen 
for the peak pressure in this analysis was 100 psi over the outer two elements 
of the blades for a total force per blade of 44 lb. The pressure pulse was 
triangular in form with a rise time of 16.7% of the period. The results of 
this linear analysis can be scaled to any level of blade loading. For a dif- 
ferent shape of pulse loading or a different spatial position on the vanes, 
the results of this analysis could also be scaled by the ratio of the loading 
impulse in one loading cycle as long as the new loading is not too different 
from the present analysis. 

For a more detailed description of the time phasing of the loading, 
including damping and the transformation into cyclic symmetry components, 
refer to Appendixes C and D. 


8 


LOCKHBED-HUNTSV.ILLE ENGINEERING CENTER 



LMSC-HEC TR F268584-VII 


5, FINITE ELEMENT ANALYSIS RESULTS 
5.1 STATIC STRUCTURAL ANALYSIS 

Figure 10 is a deflected plot for the spin loading only. Figure 11 shows 
the deflected shape for the combined spin, pressure, and torque loading. 

Figures 12 and 13 show the effective stress contours (in the hub and the 
shroud, respectively) due to the spin loading only. Note the regions of high 
stress in the vicinity of the vane-to-hub and vane-to-shroud intersections. 
These stresses are very close to yield for the material (147 ksi vs Sy = 154 
ksi). One obvious reason for the high stresses is the stress concentration at 
the sharp corner. The presence of a fillet in the real part will certainly 
lower the stresses, but the extent can be determined only by additional 
analysis. 

Figures 14 and 15 show the effective stress contours due to combined 
spin, pressure, and torque loading. The stress for this loading is well above 
ultimate (183 ksi vs Su = 163 ksi) in the vane/shroud intersection areas. This 
stress value is not accurate since it was computed assuming linear elastic 
material response. Figure 16 shows that the maximum effective strain for this 
linear analysis is 1.06%. The ultimate elongation for the material, according 
to the Rocketdyne Materials manual (Ref. 6), is on the order of 15%. The 
yielding in the vane fillet is extremely localized in the high stress concen- 
tration area of the fillet region. In reality (or in a nonlinear analysis), 
any yielding will allow the load to redistribute and therefore keep the plastic 
strain low and the margin of safety for the static load condition fairly high. 
It is likely, however, that the stresses in the vane fillet at FPL loading are 
near the yield point. This directly affects the fatigue life of the HPFTP 
Third Stage Impeller. 
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The color contour plots shown in Figures 17 and 18 show the areas of 
concern very clearly. 

5.2 DYNAMIC MODAL ANALYSIS 


All modes to 50,000 Hz were extracted from each of the symmetrical com- 
ponent models. Additionally, MT vectors were added to the symmetric-symmetric/ 
antisymmetric-antisymmetric double model and to each of the degenerate com- 
ponent models to assure that any load not accounted for in the extracted modes 
would be included in the final analysis. The MT vectors were from a unit 
pressure field applied to the end of the full vane, the end of the first 
partial vane, and to the ends of each of the two second partial vanes. There- 
fore there were four MT vectors per half-model. The eight MT vectors for each 
of the degenerate models are the results of four loads on the cosine model 
vanes and four loads on the sine model vanes. The applied dynamic load can be 
exactly reproduced in the physical domain from the retained modes in the 
analysis (plus the MT vectors) and would exactly solve any of these loads 
statically. 

The modal analysis results are shown in Tables 2 through 5, immediately 
following the text. There were 245 modes for the symmetric-symmetric and anti- 
symmetric-antisymmetric combined model, 112 modes for the first degenerate 
model and 106 modes for the second degenerate model, for a total of 463 modes 
that were used in the dynamic response analysis. 

The mass modal participation factors and the load participation factors 
(for the unit pressure loads used to create the MT vectors, load cases 27 
through 34) are listed in Appendix E. 

The lowest symmetric mode (at 1823 Hz) was not mentioned at all in the 
Rocketdyne report (Ref. 3) which was obtained prior to the beginning of this 
analysis. By animating this mode on a Megatek terminal, it was determined 
that this was a torsional (twisting shaft) mode. After close scrutiny of the 
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Rocketdyne STARDYNE model of the First Stage Impeller it became apparent that 
the shaft portion of the hub was not included in that model. This precluded 
Rocketdyne' s discovery of any torsional mode. 

Figures 19 to 22 are representative displacement contour plots for the 
lowest modes for each of the four boundary conditions (symmetric, first 
degenerate, second degenerate, and antisymmetric). 

Figures 23 through 26 are some representative deflected modal shape 
plots. (Note: all displacements are relative, not absolute). 

One additional run was made to ascertain the magnitude of any spin stif- 
fening effect that might alter the actual natural frequencies when the impeller 
is operating. Table 6 can be compared with Table 2 (both are for the symmetric 
boundary condition case) to see that there is, at most, about a 5% increase in 
the natural frequency due to the effect of spinning at 37,342 rpm. The effect 
of fluid mass was not considered. 

5.3 DYNAMIC RESPONSE ANALYSIS 

5.3.1 Solution Method 

Since the solution method is entirely a time domain method, there is no 
need to transform the time portion into the frequency domain and none of the 
problems of inadequate representation of the time domain loading in the 
frequency domain components. This time domain solution method with the MT 
vectors results in a complete representation of the applied dynamic loading. 
That is to say, the loading has not been truncated spatially nor in a time 
varying manner. 

A complete derivation of the periodic time domain solution procedure is 
given in Reference 7. Essentially, the solution method consists of three 
steps. The first is to solve for the modal response over one period of the 
loading assuming zero initial conditions (displacement and velocity) at the 
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beginning of the period of loading. The second step is to solve for the 
initial displacement and velocity that, when added to the results of the first 
step, will result in the same displacement and velocity at the beginning of 
the analysis period as the displacement and velocity at the end of the loading 
period. The third step is to add the response to the initial displacement and 
velocity over the portion of loading to the response of the first step to give 
the final response of the structure. 

The solution method is very efficient in the modal domain since the 
response at the end of the period of loading due to an initial displacement/ 
velocity can be written explicitly (within a scalar that is to be solved) for 
each mode. Each mode is solved for separately, and, after all the periodic 
responses are determined, the modal results can be transformed to any physical 
quantities desired (as in any other modal time history analysis). 

The computer solution time required for this method is slightly larger 
than the effort required for a modal time history response over one period of 
the loading, and a little less than the effort required for a modal time 
history solution over two periods of the loading. This effort should be 
compared against the procedure of running the modal time history analysis 
until the solution has become periodic (the Rocketdyne analysis required from 
1000 to 2400 loading periods of response time) . 

A FORTRAN program. Periodic Response Analysis (PRA) (refer to Appendixes 
F and G) , was written to do the periodic solution automatically. The input to 
the program consists of the modal eigenvalues, modal damping, modal generalized 
loads, and number of output time steps. The output of PRA is the periodic 
generalized response for each mode over the period of the loading. Only a VAX 
double precision version of PRA was written, since the run times for PRA for 
all the modes retained were only on the order of 10 seconds for each cyclic 
symmetry model. 
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5.3.2 Analysis Procedure and Results 

A transient, dynamic analysis involves a great deal more complexity in 
that the final solution must take into account the contributions of each vibra- 
tional mode (resulting from each type of cyclic symmetry boundary condition). 
Because of the complexity, it was decided that a small disk model would be run 
using cyclic-symmetry boundary conditions, to work out the procedure for both 
the analysis and the post-processing. As a result of working with the small 
model, a method was developed to combine the contributions of each cyclic 
symmetry component into a single data base from which the physical quantities 
of displacements and stresses could be obtained for post-processing purposes. 
Additionally, a method was developed by Dr. John Dickens which solved the 
steady state solution for a periodic loading (the PRA code, discussed above). 

Essentially the analysis process was completed in two steps. First, a 
periodic response analysis was done using the PRA code and the required inputs 
from the DIAL code modal analysis to determine the steady state response of 
the impeller due to the applied forcing function. This is done for each of 
the four cyclic symmetry models. Next, these modal or generalized displace- 
ments from each of the four cyclic symmetry models are combined, using the 
principles of cyclic symmetry, into physical displacements on a one-sixth 
impeller model. The data base for this model contains the physical displace- 
ments for each of the six identical segments as a function of time. From this 
data base the stresses and strains at any location and at any time can be 
obtained . 

The location and timing of the worst case were determined by examination 
of the summary tables for each of the 73 time steps in the analysis. It was 
determined that the worst case effective stress in the impeller occurs near 
the impeller rim at the intersection of the full blade and the hub. Figure 27 
is a highly magnified deflected plot of the first segment of the impeller at 
the worst case timing for the load. The dot on this figure represents the 
location of the highest stress found near the impeller rim. Figures 28 and 29 
are graphs of the effective stress at that dot (node 2093) for segments 1 and 
2, respectively. 
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It was sufficient that the displacements/stresses were evaluated only in 
the first physical segment since the results should be the same in all other 
physical segments except for a shift in time (of one-sixth cycle of the 
loading). However, to confirm the analysis procedure, the second physical 
segment displacements/stresses were also evaluated. Comparison of Figures 28 
and 29 shows identical results except for the expected time phase of 0.02 
second (12 time steps = 72/6). As can be seen from these figures, the maximum 
alternating stress for the loading used is only about 1500 psi. Figure 30, an 
effective stress contour plot of the inside surface of the hub, confirms 
this. Figure 31 shows that the maximum effective stress in the shroud is 1320 
psi, and it also occurs at the impeller rim. Figures 32a and 32b are color 
contour plots of the effective stress which clearly show the areas of the 
highest stress. 

It should be noted again that these stress numbers are based on an 
assumed peak pressure pulse magnitude of 100 psi. A higher peak would produce 
a proportionately higher stress. It should also be noted that the results 
presented here apply only to one particular pump speed (FPL loading - 37,342 
rpm) . The phasing of the forcing function would be different for different 
pump speeds and the results may be worse or better, depending on the 
excitability of any particular mode of vibration. It turns out that 37,342 
rpm translates into a forcing frequency of 8091 Hz (with 13 diffuser vanes), 
which is very close to the fifth symmetric-symmetric mode which occurs at 8093 
Hz (see Table 2). Comparison of the mode shape plot for this mode (Figure 23) 
with the deflected plot shown in Figure 27 shows some similarities. The large 
relative deflection of the labyrinth seal teeth is not realistic, as they will 
be restrained somewhat by their sealing action. 

Other frequencies which could be examined in the future are pointed out 
in Table 7. Whereas all periods of loading should be examined, the worst 
possible periods of loading would probably occur at or near the pump speeds 
that are close to the frequencies listed in Table 7. 
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6. CONCLUSIONS AND RECOMMENDATIONS 

The results of this analysis shov# that the HPFTP Third Stage Impeller is 
loaded to very near its ultimate capability. Static loading (centrifugal 
forces and pressures) tends to focus the high stresses in the hub and shroud 
inboard areas, towards the axis of rotation (as would be expected from the 
physics of the problem) . Dynamic loading due to the interaction of the 
rotating vanes and the stationary diffuser vanes tends to stress the outer rim 
of the impeller (as is also expected). The combination of static and dynamic 
stresses suggests that fatigue is less and less important as one moves 
inboard from the rim. This may explain why impellers do not fail by fatigue 
on a more regular basis, given the high stresses in the interior of the 
impeller. 

Dynamic loading due to the interaction of the rotating impeller vanes with 
the inlet guide vanes was not considered in this analysis because a previous 
analysis (Ref. 3) showed that the stresses produced were quite small. If the 
stresses are not small, this could lead to fatigue life problems in the 
interior regions of the impeller (where the static margin is low). 

Although this analysis has been very rigorous, there are a few 
deficiencies which need to be addressed. 


1. The largest source of error in this analysis is the uncertainty in the 
dynamic forcing function. There has been no definitive forcing 
function established to date (or at least none that has been 
identified as such). 

2. This analysis is valid for FPL conditions. At different pun^ speeds, 
other modes may be excited which may give higher alternating stresses 
(albeit lower static stresses). It would be possible to run the 
analysis at other frequencies (Table 7) without a great effort. 
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3. Some improvements can be made to the model to include fillets at the 
vane intersections and some sensitivities could be examined with 
regard to the hub boundary conditions, but it is not likely that the 
results will change significantly. 

4. This analysis, which predicts a near zero margin of safety in the 
shroud near the interior of the impeller, still does not predict the 
type of failure seen in the one First Stage Impeller during a ground 
test. The static stresses at the rim of the impeller are low (less 
than 60 ksi - see Figures 15 and 18) and the alternating stress 
required to fail it would need to be tens of times higher than 
predicted to propagate a crack at the impeller rim. 
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Table 2 EIGENVALUE SUMMARY TABLE SYMMETRIC- SYMMETRIC 
BOUNDARY CONDITIONS 


1 

Mode, 

1 

Seq 

t 

Frequency 

1 

E i genva 1 ue 

1 

Genera 1 1 zed 

1 Max 

Component 

1 

1 

No. 

1 

No 


Hertz 

! 

(Rad/sec) *f2 

1 

Mass 

[Deg. 

of Freedom 1 
1 

1 

1 

1 

1 

1 

0.18226E+04 

1 

0.13115E+09 

1 

0.23655E-02 

1 Node 

5068 

UK 

1 

1 

O 

1 

2 

1 

0.22494E+04 

1 

0.19976E+09 

1 

0.18720E-02 

1 

166 

UZ 


1 

3 

1 

3 

1 

0.50758E+04 

1 

0.10171E+10 

1 

0.23574E-02 

1 

1339 

UZ 


1 

4 

1 

4 

1 

0.78944E+04 

1 

0. 24604 E+ 10 

1 

0.40676E-03 

1 

1751 

UZ 


1 

5 

1 

5 

1 

0. 80931 E-^04 

1 

0.25857E+10 

1 

0.37524E-03 

1 

1181 

UZ 


1 

6 

1 

6 

1 

0.88315E+04 

1 

0.30792E+10 

1 

0.71296E-03 

1 

3768 

UZ 


1 

7 

1 

7 

1 

0.99319E+04 

1 

0.38942E+10 

1 

0.99351E-03 

1 

690 

UZ 


1 

8 

1 

8 

1 

0.11834E+05 

1 

0.55291E+10 

1 

0.66701E-04 

1 

3531 

UX 


1 

9 

1 

9 

1 

0.13953E+05 

1 

0.76854E+10 


0.23804E-02 

1 

5626 

UY 


1 

10 

1 

10 

1 

0.14220E+05 

1 

0.79829E+10 

1 

0.29924E-03 

1 

1504 

UZ 


1 

11 

1 

11 

1 

0.14453E+05 

1 

0.82467E+10 

i 

0.22122E-03 

1 

2027 

UZ 


1 

12 

1 

12 

1 

0.14870E+05 

1 

0.87292E+10 

1 

0.33261E-03 

1 

394 

UZ 


1 

13 

1 

13 

1 

0.15549E+05 

1 

0.95447E+10 

1 

0.10115E-03 

1 

3199 

UX 



14 

1 

14 

1 

0.16447E+05 

1 

0.10680E+11 

1 

0.28039E-03 

1 

753 

UZ 


1 

15 

1 

15 

1 

0.16983E+05 

1 

0.11387E+11 

1 

0.25415E-03 

1 

5139 

UX 


1 

16 

1 

16 

1 

0 . 18092E+05 

1 

0.12922E+11 

1 

0.14907E-03 

1 

1799 

UZ 


1 

1" 

1 

17 

1 

0.18377E+05 

1 

0.13333E+11 

1 

0 . 72536E-04 

1 

4006 

UX 


1 

18 

1 

18 

1 

0.18966E+05 

1 

0.14201E+11 

1 

0.14036E-03 

1 

2744 

UX 


1 

19 

1 

19 

1 

0.19982E+05 

1 

0.15764E+11 

1 

0.18956E-03 

1 

4345 

UZ 


1 

20 

1 

20 

1 

0.20119E+05 

1 

0.15980E+11 

1 

0.67996E-04 

1 

3272 

UZ 


1 

21 

1 

21 

1 

0.20229E+05 

1 

0.16155Efll 

i 

0.94755E-04 

1 

4536 

UZ 


1 

22 

1 

22 

1 

0.21074E+05 

1 

0.17533E+11 

1 

0.11093E-03 

1 

3350 

UZ 


1 

23 

1 

23 

1 

0.21386E-^05 

1 

0.18055E+11 

1 

0.62843E-04 

1 

3349 

UZ 


1 

24 

1 

24 

1 

0.21441E+05 

1 

0.18149E+11 

1 

0.45748E-04 

1 

2750 

UZ 


1 

25 

1 

25 

1 

0.21 771 E-.-05 

1 

0.18712E+11 

1 

0.12807E-03 

1 

4014 

UZ 


1 

26 

1 

26 

1 

0.21850E+05 

1 

0.18847E+11 

1 

0.21134E-03 

1 

2918 

UZ 


1 

27 

1 

27 

1 

0.22123E^05 

1 

0.19321E+11 

1 

0.21542E-03 

1 

4346 

UZ 


1 

28 

1 

28 

1 

0 . 22460E+05 

1 

0.19914E+11 

1 

0.24089E-03 

1 

4338 

UZ 


1 

29 

1 

29 


0.23537E^05 

1 

0.21871E+11 

1 

0.10817E-03 

1 

2739 

UZ 


1 

30 

1 

30 

1 

m ^ m 

0 . 23852E+05 

1 

0.22459E+11 

1 

0.37487E-03 

1 

4338 

UZ 


! 

31 

1 

31 

1 

0.24154E+05 

i 

0.23032E+11 

1 

0.30043E-03 

1 

4145 

UZ 


1 

32 

1 

32 

1 

0.25214E+05 

1 

0.25098E+11 

1 

0.96523E-04 

1 

4014 

UZ 


1 

33 

1 

33 

1 

0.25885E+05 

1 

0.26451E+11 

1 

0.45215E-03 

1 

751 

UZ 


1 

34 

1 

34 

1 

0.25971E+05 

1 

0.26629E+11 

1 

0.87812E-04 


4608 

UZ 


1 

35 

1 

35 

1 

0.26163E+05 

1 

0.27023E+11 

1 

0.16159E-03 

1 

4608 

UZ 


1 

36 

1 

36 

1 

0.26461E+05 

1 

0.27642E+11 

1 

0.57532E-04 

1 

2748 

UZ 


1 

37 

1 

37 

1 

0.26999E+05 

1 

0.28778E+11 

1 

0.11725E-03 

1 

3350 

UZ 


1 

38 

1 

38 

1 

0 . 27822E+05 

1 

0.30560E+11 

1 

0.74359E-04 


2750 

UZ 


1 

39 

1 

39 

1 

0.27865E*05 

1 

0.30654E+11 

1 

0.11669E-03 

1 

3936 

UZ 


1 

40 

1 

40 

1 

0.28066E-^05 

1 

0.31097E^11 

1 

0.77802E-04 

1 

3350 

UZ 
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Table 2 EIGENVALUE SUMMARY TABLE - SYMMETRIC-SYMMETRIC 
BOUNDARY CONDITIONS (Continued) 


Mode 

No. 

1 Seq 
1 No 

1 Frequency 
1 Hertz 

1 Eigenvalue 
1 (Rad/sec) *>*2 

1 Genera 1 i zed 
1 Mass 

1 Max 
|Deg. 

Component | 
of Freedoml 
1 

41 

1 41 

1 0.28567E+05 

1 0.32218E+11 

1 0.18561E-03 

1 

3071 

UZ 1 

42 

1 42 

1 0.28656E+05 

1 0.32419E+11 

1 0.16681E-03 


5438 

UX 1 

43 

1 43 

1 0.29614E+05 

1 0.34621E+11 

1 0.53925E-04 


5438 

UX 1 

44 

1 44 

1 0.29799E+05 

1 0.35056E+11 

1 0.11152E-03 

1 

5626 

UZ 1 

45 

1 45 

1 0.29958E+05 

1 0.35432E+11 

1 0.23633E-03 

1 

5366 

UX 1 

46 

1 46 

1 0.30215E+05 

1 0.36042E+11 

1 0.12351E-03 

1 

5525 

UX 1 

47 

1 47 

1 0.30719E+05 

1 0.37253E+11 

1 0.32290E-03 

1 

2752 

UZ 1 

48 

1 48 

1 0.30935E+05 

1 0.37781E+11 

1 0.76169E-04 

1 

5626 

UZ 1 

49 

1 49 

1 0.31166E+05 

1 0.38347E1-11 

1 0.16213E-03 

1 

5626 

UZ 1 

50 

1 50 

1 0.31338E+05 

1 0.38770E+11 

1 0.18374E-03 

\ 

5438 

UX 1 

51 

1 51 

“ 4 ’ — — — 

1 0.31997E+05 

1 0.40418E+11 

1 0.44262E-04 

1 

5357 

UX 1 

52 

1 52 

1 0.32150E+05 

1 0.40805E+11 

1 0.47969E-04 

1 

5438 

UX 1 

53 

1 53 

1 0.32374E+05 

1 0.41376E+11 

1 0.87426E-04 

1 

5438 

UX 1 

54 

1 54 

1 0.33012E+05 

1 0.43024E+11 

1 0.88612E-04 

1 

5357 

UX 1 

55 

1 55 

1 0.33131E+05 

1 0.43333E+11 

1 0.15511E-03 

1 

6930 

UX 1 

56 

1 56 

1 0.33286E+05 

1 0.43740E+11 

1 0.13445E-03 

1 

4010 

UZ 1 

57 

1 57 

1 0.33608E+05 

1 0.44591E+11 

1 0.94948E-04 

1 

5525 

UX 1 

58 

1 58 

1 0.33966E^05 

1 0.45545E411 

1 0.17546E-03 

1 

4001 

UZ 1 

59 

I 59 

1 0.34008E+05 

1 0.45659E+11 

1 0.11914E-03 

1 

5453 

UX 1 

60 

1 60 

1 0.34288E^05 

1 0.46413E+11 

1 0.10149E-03 

1 

5357 

UX 1 

61 

1 61 

1 0.34697E+05 

1 0.47528E+11 

I 0.93722E-04 

1 

5296 

UZ 1 

62 

1 62 

1 0.35018E+05 

1 0.48410E+11 

1 0.83637E-04 


3598 

UZ 1 

63 

1 63 

1 0.35527E+05 

1 0.49828E+11 

1 0.95728E-04 

1 

5525 

UX 1 

64 

1 64 

1 0.35831E+05 

1 0.50686E+11 

1 0.11573E-03 

1 

6966 

UX 1 

65 

1 65 

1 0.35988E+05 

1 0.51130E+11 

1 0.17170E-03 

1 

3348 

UZ 1 

66 

66 

1 0.36500E^05 

1 0.52596E+11 

1 0.17378E-03 

1 

2748 

UZ 1 

67 

1 67 

1 0.36650E+05 

1 0.53027E+11 

1 0.14258E-03 

1 

4612 

UZ 1 

68 

1 68 

1 0.36900E+05 

1 0.53755E+11 

1 0.11895E-03 


5626 

UZ 1 

69 

1 69 

1 0.37619E-^05 

1 0.55870E+11 

1 0.42554E-04 

1 

3184 

UZ 1 

70 

1 70 

1 0.37646E+05 

1 0.55948E+11 

1 0.76522E-04 

1 

3184 

UZ 1 

71 

1 71 

— — — — — 

1 0.38141E+05 

1 0.57432E+11 

1 0.10098E-03 

1 

5044 

UZ 1 

72 

1 72 

1 0.38506Ei-05 

1 0.58535E+11 

1 0.46188E-04 

1 

5357 

UX 1 

73 

1 73 

1 0.38929E+05 

1 0.59829E+11 

1 0.10200E-03 

1 

5357 

UX 1 

74 

74 

1 0.39229E+05 

1 0.60755E+11 

1 0.17664E-03 

1 

5453 

UX 1 

75 

75 

1 0.39321E+05 

1 0.61039E+11 

1 0.35294E-04 

1 

5044 

UZ 1 

76 

I 76 

1 0.39532E+05 

1 ^.61697E+11 

1 0.20368E-04 


5525 

UX 1 

77 

77 

1 0.39648E+05 

1 ..62060E+11 

1 0.94315E-04 

1 

5525 

UX 1 

78 

1 78 

1 0.39859E+05 

1 0.62719E+11 

1 0.61475E-04 


5525 

UX 1 

79 

1 79 

1 0.40294E+05 

1 0.64097E+11 

1 0.58306E-04 


3603 

UZ 1 

80 

1 80 

1 0.40682E+05 

1 0.65337E+11 

1 0.11646E-03 


2739 

UZ 1 
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Table 2 EIGENVALUE SUMMARY TABLE - SYMMETRIC-SYMMETRIC 
BOUNDARY CONDITIONS (Concluded) 


Mode 
No . 

1 Seq. 
1 No. 

1 Frequency 
1 Hertz 

1 E i gen va 1 ue 
1 (Rad/sec) *>*2 

1 Genera 1 i zed 
1 Mass 

1 Max 
|Deg, 

Component | 

of Freedom! 

1 

81 

1 81 

1 0.40948E+05 

1 0.66194E411 

1 0.12629E-03 


5525 

UX 


82 

I 82 

1 0.40979E+05 

1 0.66294E+11 

1 0.12687E-03 

1 

2739 

uz 


83 

1 83 

1 0.41199E+05 

1 0.67010E+11 

1 0.73769E-04 

1 

5357 

UX 


84 

1 84 

1 0.41341E+05 

1 0.67473E+11 

1 0.19728E-03 

1 

3516 

uz 


85 

1 85 

1 0.41847E+05 

1 0.69135E+11 

1 0.13804E-03 

1 

5525 

UX 


86 

86 

1 0.42225E+05 

1 0.70389E+11 

1 0.12362E-03 

1 

5357 

UX 


87 

1 87 

1 0.42443E+05 

1 0.71118E+11 

1 0.26662E-04 

1 

5357 

UX 


88 

1 88 

1 0.42588E+05 

1 0.71603E+11 

1 0.11306E-03 

1 

5357 

UX 


89 

1 89 

1 0.42874E+05 

1 0.72567E+11 

1 0.69895E-04 

1 

5357 

UX 


90 

1 90 

1 0.43153E+05 

1 0.73517E>11 

1 0.66326E-04 

1 

5534 

UX 


91 

1 91 

1 0.43192E+05 

1 0.73649E+11 

1 0.31830E-04 


2739 

uz 


92 

1 92 

1 0.43415E+05 

1 0.74411E+11 

1 0.34940E-04 

1 

5366 

UX 


93 

1 93 

1 0.43651E+05 

1 0.75222E^11 

1 0.22249E-04 

1 

5525 

UX 


94 

1 94 

1 0.43822E+05 

1 0.75814E+11 

1 0.38260E-04 

1 

3516 

uz 


95 

1 95 

1 0.43929E+05 

1 0.76183E+11 

1 0.13207E-03 

1 

5647 

UX 


96 

1 96 

1 0.44361E+05 

1 0.77690E+11 

1 0.11987E-03 


2724 

uz 


97 

1 97 

1 0.44493E*05 

1 0.78154E+11 

1 0.37984E-04 

1 

4860 

uz 


98 

1 98 

1 0.44796E+05 

1 0.79222E+11 

1 0.16290E-03 

1 

4180 

uz 


99 

1 99 

1 0.45006E+05 

1 0.79963E+11 

1 0.12760E-03 

1 

4432 

uz 


100 

1100 

1 0.45138E>05 

1 0.80435E*11 

1 0.10196E-03 

1 

1143 

UX 


101 

|101 

1 0.45250E+05 

1 0.80833E+11 

1 0.41388E-04 

1 

3782 

uz 


102 

1102 

1 0.45420E+05 

1 0.81444E+11 

1 0.76791E-04 

1 

4778 

uz 


103 

|103 

1 0.45703E+05 

1 0.82461E+11 

1 0.83173E-04 

1 

2003 

UX 


104 

|104 

1 0.46012E+05 

1 0.83580E+11 

1 O.1O448E-03 


5453 

UX 


105 

jl05 

1 0.46235E+05 

1 0.84393Efll 

1 0.65654E-04 

1 

5296 

uz 


106 

|106 

1 0.46365E+05 

1 0.84869E+11 

1 0.42200E-04 

1 

4180 

uz 


107 

|107 

1 0.46585E+05 

1 0.85676E+11 

1 0.70959E-04 

1 

5534 

UX 


108 

|108 

1 0.46696E+05 

1 0.86083E+11 

1 0.32912E-04 

1 

3768 

uz 


109 

jl09 

1 0.46830E+05 

1 0.86579E+11 

1 0.50468E-04 

1 

5534 

UX 


no 

jllO 

1 0.47124E+05 

1 0.87670E+11 

1 0.30983E-04 

1 

5366 

UX 


111 

|111 

1 0.47516E+05 

1 0.89134E*11 

1 0.88321E-04 

1 

5647 

UX 


112 

1112 

1 0.47820E+05 

1 0.90276E+11 

1 0.90826E-05 

1 

5366 

UX 


113 

1113 

1 0.48126E+05 

1 0.91438E411 

1 0.27678E-04 

1 

4599 

uz 


114 

1114 

1 0.48413E+05 

1 0.92529E+11 

1 0.42714E-04 

1 

5453 

UX 


115 

|115 

1 0.48828E+05 

1 0.94125E+11 

1 0.15451E-04 


5453 

UX 


116 

1116 

1 0.49073E+05 

1 0.95068E+11 

1 0.23261E-04 

1 

4594 

uz 


117 

1117 

1 0.49386E+05 

1 0.96286E+11 

1 0.28385E-04 


5004 

uz 


118 

1118 

1 0.49443E+05 

1 0.96509E+11 

1 0.10837E-04 

1 

5366 

UX 


119 

1119 

1 0.49797E*05 

1 0.97895E+11 

1 0.14835E-04 

1 

5453 

UX 


120 

1120 
to ▲ . 

1 0.63480E+05 

1 0.15908E+12 

1 0.38099E-04 

1 

5360 

UX 


121 

• ▼ • ^ 
1121 

1 0.65905E+05 

1 0.17147E+12 

1 0.41610E-04 

1 

5528 

UX 


122 

|122 

1 0.67667E+05 

1 0.18076E+12 

1 0.40134E-04 

1 

5453 

UX 


123 

|123 

1 0.69764E+05 

1 0.19214E-^12 

1 0.74007E-04 


5366 

UX 
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Table 3 EIGENVALUE SUMMARY TABLE - FIRST DEGENERATE 
BOUNDARY CONDITIONS 


1 

i 

1 

Mode 

No. 

Seq. 

No. 

Frequency 

Hertz 

E i gen va 1 ue 
(Rad/sec) 

Genera 1 i zed 
Mass 

1 Max 
|Deg. 

Component 
of Freedom 


1 

1 

K H 

1 

0.21088E+04 

0.17556E+09 

0.16134E-02 

1 Node 

8248 

UZ 


1 

2 

2 

0.21088E+04 

0.17556E+09 

0.16134E-02 


1180 

uz 


1 

3 

3 

0.42067E+04 

0.69864E+09 

0.61548E-02 

1 

12220 

UY 


1 

4 

4 

0.42067E+04 

0.69864E+09 

0.61548E-02 

1 

5152 

UY 


1 

5 

5 

0.67035E+04 

0.17740E+10 

0.75562E-03 

1 

1505 

UZ 


1 

6 

6 

0.67035E+04 

0.17740E+10 

0.75562E-03 


8573 

UZ 


1 

7 

7 

0.77456E+04 

0.23685E+10 

0.15060E-02 

1 

2317 

UZ 


1 

8 

8 

0.77456E+04 

0.23685E+10 

0 . 15060E-02 

1 

9385 

UZ 


1 

9 

9 

0.91158Ef04 

0.32806E+10 

0.14893E-02 

1 

10671 

UZ 


1 

1 

10 

10 

0.91158E+04 

0.32806E+10 

0.14893E-02 

1 

3603 

UZ 


1 

11 

— — 

11 

0.92778E+04 

0.33982E+10 

0. 57041 E-03 

1 

9095 

UZ 


1 

12 

12 

0 . 92778E+04 

0.33982E+10 

0. 67041 E-03 

1 

2027 

uz 


1 

13 

13 

0 . 10498E+05 

0.43510E+10 

0.45472E-03 


3531 

ux 


1 

14 

14 

0 . 10498E+05 

0.43510E+10 

0.45472E-03 


10599 

ux 


1 

15 

15 

0.11646E+05 

0.53548E+10 

0.94544E-04 

1 

3531 

ux 


1 

16 

16 

0.11646E+05 

0.53548E+10 

0.94544E-04 

1 

10599 

ux 


1 

17 

17 

0.13167E+05 

0.68445E+10 

0.77789E-03 

1 

8929 

uz 


1 

18 

18 

0.13167E+05 

0.68445E+10 

0.77789E-03 

1 

1861 

uz 


1 

19 

19 

0.13715E+05 

0.74256E+10 

0.75172E-03 

1 

1341 

uz 


1 

1 

20 

20 

0.13715E+05 

0.74256E+10 

0.75172E-03 

1 

8409 

uz 


1 

21 



21 

0.13966E+05 

0.77002E+10 

0.26428E-03 

1 

8573 

uz 


1 

22 

22 

0.13966E+05 

0.77002E+10 

0.26428E-03 

1 

1505 

uz 


1 

23 

23 

0.15804E+05 

0.98600E+10 

0.11319E-03 

1 

3322 

uz 


1 

24 

24 

0.15804E+05 

0.98600E+10 

0.11319E-03 

1 

10390 

uz 


1 

25 

25 

0.17349E+05 

0.11882E+11 

0.58935E-03 

1 

4006 

ux 


1 

26 

26 

0.17349E+05 

0.11882E+11 

0.58935E-03 

1 

11074 

ux 


1 

27 

27 

0.17723E+05 

0.12401E+11 

0,11086E-02 

1 

4536 

uz 


1 

28 

28 

0.17723E+05 

0.12401E+11 

0.11086E-02 

1 

11604 

uz 


1 

29 

29 

0.17944E-^05 

0.12712E+11 

0.37410E-03 

1 

12206 

ux 


1 

30 

30 

0.17944E^05 

0.12712E+11 

0.37410E-03 

1 

5138 

ux 


1 

31 

— 

31 

0.1836lE-^05 

0.13309E+11 

0.15633E*03 

1 

11081 

uz 


1 

32 

32 

0.18361E+05 

0.13309E+11 

0.15633E-03 

1 

4013 

uz 



33 

33 

0.18688E+05 

0.13788E+11 

0.29600E-03 


12205 

ux 


1 

34 

34 

0.18688E+05 

0.13788E+11 

0.29600E-03 

1 

5137 

ux 


1 

35 

35 

0.19046E+05 

0.14322E+11 

0.62169E-03 

1 

3797 

ux 


1 

36 

36 

0.19046E+05 

0.14322E+11 

0.62169E-03 


10865 

ux 


1 

37 

37 

0.19612E+05 

0.15184E+11 

0.34660E-03 

1 

4006 

ux 


1 

38 

38 

0.19612E+05 

0.15184E+11 

0.34660E-03 

1 

11074 

ux 


1 

39 

39 

0.19948E+05 

0.15709E+11 

0.28366E-03 

1 

11410 

uz 


1 

40 

40 

0.19948E+05 

0.15709E+11 

0.28366E-03 

1 

4342 

uz 
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LOCKHEED-HUNTSVILLE ENGINEERING CENTER 


LMSC-HEC TR F268584-V1I 


Table 3 EIGENVALUE SUMMARY TABLE - FIRST DEGENERATE 
BOUNDARY CONDITIONS (Continued) 


1 

Mode 

1 

Seq 


Frequency 

1 

E 1 genva 1 ue 

1 

Genera 1 i zed 

1 

Max Component 

1 

1 

No . 

1 

No 


Hertz 

1 

(Rad/sec) »»2 

1 

Mass 

|Deg. of Freedom] 
1 

1 

41 

1 

41 

1 

0.20414E+05 

1 

0.16452E411 

1 

0.61657E-04 

1 

11604 

UZ 

1 

1 

42 

1 

42 

1 

0.20414E+05 

1 

0.16452E+11 

1 

0.61657E-04 

1 

4536 

uz 


1 

43 

1 

43 

1 

0 . 20804E+05 

1 

0.17087E+11 

1 

0.46441E-04 

1 

10418 

UZ 


1 

44 

1 

44 

1 

0.20804E+05 

1 

0.17087E-^11 

1 

0.46441E-04 

1 

3350 

uz 


1 

45 

1 

45 

1 

0.21137E+05 

1 

0.17638E+11 

1 

0.16867E-03 

1 

11082 

uz 


1 

46 

1 

46 

1 

0.21137E+05 

1 

0.17638E+11 

1 

0.16867E-03 

1 

4014 

uz 


1 

47 

1 

47 

1 

0.21403E+05 

1 

0.18085E+11 

1 

0.52716E-04 

1 

2750 

uz 


1 

48 

1 

48 

1 

0.21403E+05 

1 

0.18085E+11 

1 

0.52716E-04 

1 

9818 

uz 


1 

49 

1 

49 

1 

0.22129E+05 

1 

0.19332E+11 

1 

0.20852E-03 

1 

3350 

uz 


1 

50 

1 

50 

1 

0.22129E+05 

1 

0.19332E+11 

1 

0.20852E-03 

1 

10418 

uz 


1 

51 

1 

51 

1 

0.22658E+05 

1 

0.20267E+11 

1 

0.33407E-03 

1 

11074 

ux 


1 

52 

1 

52 

1 

0.22658E+05 

1 

0.20267E+11 

1 

0.33407E-03 

1 

4006 

ux 


1 

53 

1 

53 

1 

0.22967E+05 

1 

0.20824E+11 

1 

0.28867E-03 

1 

3797 

ux 


1 

54 

1 

54 

1 

0.22967E-^05 

1 

0.20824E+11 

1 

0.28867E-03 

1 

10865 

ux 


1 

55 

1 

55 

1 

0.23156E+05 

1 

0.21168E+11 

1 

0.30185E-03 

1 

12378 

uz 


1 

56 

1 

56 

1 

0.23156E+05 

1 

0.21168E+11 

1 

0.30185E-03 

1 

5310 

uz 


1 

57 

1 

57 

1 

0.23571E+05 

1 

0.21933E411 

1 

0.89045E-03 

1 

2748 

uz 


1 

58 

1 

58 

1 

0.23571E+05 

1 

0.21933E411 

1 

0.89045E-03 

1 

9816 

uz 


1 

59 

1 

59 

1 

0.24230E+05 

1 

0.23178E411 

1 

0.18683E-03 

1 

2734 

uz 


1 

60 

1 

60 

1 

0.24230E+05 

1 

0.23178E411 


0.18683E-03 

.1 

9802 

uz 


1 

61 

1 

61 

▼ 

1 

0.24698E+05 

1 

0. 24081 E+ 11 

• ▼ ^ 
1 

0.19938E-03 

“ +■ 
1 

10340 

uz 


1 

62 

1 

62 

1 

0.24698E+05 

1 

0.24081E411 

1 

0.19938E-03 

1 

3272 

uz 


1 

63 

1 

63 

1 

0.24912E+05 

1 

0. 24501 E+ 11 

1 

0.16011E-03 

1 

11082 

uz 


1 

64 

1 

64 

1 

0.24912E+05 

1 

0.24501E411 

1 

0.16011E-03 

1 

4014 

uz 


1 

65 

1 

65 

1 

0.26014Ef05 

1 

0.26717E411 

1 

0.11403E-03 

1 

11604 

uz 


1 

66 

1 

66 

1 

0.26014E+05 

1 

0.26717E411 


0.11403E-03 

1 

4536 

uz 


1 

67 

1 

67 

1 

0.26229E+05 

1 

0.27160E411 


0.62791E-04 

1 

10418 

uz 


1 

68 

1 

68 

1 

0.26229E+05 

1 

0.27160E+11 

1 

0.62791E-04 

1 

3350 

uz 


1 

69 

1 

69 

1 

0.26370Ef05 

1 

0.27451E411 

i 

0.35421E-03 


10418 

uz 


1 

70 

1 

70 

1 

* ^ * 

0.26370E+05 

1 

0.27451E+11 

1 

0.35421E-03 

1 

3350 

uz 


1 

71 

1 

71 

1 

0.26738E+05 

i 

0.28224E+11 

1 

0.17451E-03 

+ ' 

1 

10340 

uz 


1 

72 

1 

72 

1 

0.26738E+05 

1 

0.28224E411 

1 

0.17451E-03 

1 

3272 

uz 


1 

73 

1 

73 

1 

0.27155E+05 

1 

0.29111E+11 

1 

0.42658E-03 

1 

9743 

uz 


1 

74 

1 

74 

1 

0.27155E+05 

1 

0.29111E411 

1 

0.42658E-03 

1 

2675 

uz 


1 

75 

1 

75 

1 

0.27737E+05 

1 

0.30372E411 


0.13612E-03 

1 

5626 

uz 


1 

76 

1 

76 

1 

0.27737E+05 

1 

0.30372E+11 


0.13612E-03 

1 

12694 

uz 


1 

77 

1 

77 

1 

0.28018E+05 

1 

0. 30991 E4 11 

1 

0.38798E-03 

1 

4012 

uz 


1 

78 

1 

78 

1 

0.28018E^05 

1 

0.30991E+11 

1 

0.38798E-03 

1 

11080 

uz 


1 

79 

1 

79 

1 

0.28237E+05 

1 

0.31478E+11 

1 

0.28213E-03 

1 

12506 

ux 


1 

80 

1 

80 

1 

0.28237E^5 

1 

0.31478E411 

1 

0.28213E-03 

1 

5438 

ux 





LOCKHEED-HUNTSVILLE ENGINEERING CENTER 


LMSC-HEC TR F268584-VII 


Table 3 EIGENVALUE SUMMARY TABLE - FIRST DEGENERATE 
BOUNDARY CONDITIONS (Concluded) 


1 

Mode 

1 Seq 

1 

Frequency 

1 

E i gen va 1 ue 

1 

Genera 1 i zed 

1 Max 

Component 

1 

1 

1 

No. 

1 No 

1 

Hertz 

1 (Rad/sec) »»2 

1 

Mass 

|Deg. 

of Freedom 

1 

1 

1 

81 

1 81 

1 

0.28829E-^05 

1 

0.32810E+11 

1 

0.28798E-03 

1 

12204 

UX 

1 

1 

1 

82 

I 82 

1 

0 . 28829E+05 

1 

0.32810E+11 

1 

0.28798E-03 

1 

5136 

ux 

1 

1 

83 

1 83 

1 

0.29133E+05 

1 

0.33506E+11 

1 

0.12946E-03 

1 

12694 

uz 

1 

1 

84 

1 84 

1 

0.29133E+05 

1 

0.33506E+11 

1 

0.12946E-03 

1 

5626 

uz 

1 

1 

85 

1 85 

1 

0 . 29428E+05 

1 

0.34189E+11 

1 

0.22950E-03 


11676 

uz 

1 

1 

86 

1 86 

1 

0.29428E+05 

1 

0.34189E+11 

1 

0 . 22950E-03 

1 

4608 

uz 

1 

1 

87 

1 87 

1 

0.29762E+05 

1 

0.34969E+11 

1 

0.44882E-03 

1 

11082 

uz 

1 

1 

88 

1 88 

1 

0.29762E+05 

1 

0.34969E+11 

1 

0.44882E-03 


4014 

uz 

1 

1 

89 

1 89 

1 

0 . 29995E+05 

1 

0.35518E+11 

1 

0.14462E-03 

1 

12506 

ux 

1 

1 

1 

90 

1 90 

1 

0 . 29995E-^05 

1 

0.35518E+11 

1 

0.14462E-03 

1 

5438 

ux 

1 

1 

91 

1 91 

1 

0 . 30107E+05 

1 

0.35785E+11 


0.23542E-03 


11082 

uz 

1 

1 

92 

1 92 

1 

0.30107E-05 

1 

0.35785E+11 

1 

0.23542E-03 

1 

4014 

uz 

1 

1 

93 

1 93 

1 

0 , 30493E+05 

1 

0.36708E^11 

1 

0.21538E-03 

1 

5626 

uz 

1 

1 

94 

1 94 

1 

0 . 30493E1-05 

1 

0.36708E+11 

1 

0.21538E-03 

1 

12694 

uz 

1 


95 

I 95 

1 

0 . 30862Ef05 

1 

0.37601E+11 

1 

0.13503E-03 

1 

12694 

uz 

1 

1 

96 

1 96 

1 

0 . 30862E+05 

1 

0. 37601 E+ 11 

1 

0.13503E-03 


5626 

uz 

1 

1 

97 

1 97 

1 

0.31099E+05 

1 

0.38183E+11 

1 

0.85267E-04 

1 

12506 

ux 

1 

1 

98 

1 98 

1 

0 . 31099E+05 

1 

0.38183E+11 

1 

0.85266E-04 

1 

5438 

ux 

1 

1 

99 

1 99 

1 

0.31272E+05 

1 

0.38607E+11 

1 

0.22345E-03 


3516 

uz 

1 

1 

1 . 

100 

jlOO 

1 

0.31272E+05 

1 

0.38607E+11 

1 

0.22345E-03 

1 

10584 

uz 

1 

1 

101 

|101 

“ + ■ 
1 

0.31825E-^05 

1 

0.39986E+11 

i 

0.11375E-03 


5438 

ux 

" 1 
1 

1 

102 

1102 

1 

0.31825E+05 

1 

0.39986E+11 

1 

0.11376E-03 


12506 

ux 

1 

1 

103 

|103 

1 

0.31971E+05 

1 

0.40354E+11 

1 

0.74614E-04 

1 

5525 

ux 

1 

1 

104 

|104 

1 

0.31971E+05 

1 

0.40354E+11 

1 

0.74605E-04 

1 

12593 

ux 

1 

1 

105 

|105 

1 

0.43041E+05 

1 

0.73133E+11 

1 

0.54749E-04 

1 

5366 

ux 

1 

1 

106 

|106 

1 

0.43041E+05 

1 

0.73134E+11 

1 

0.54751E-04 

1 

12434 

ux 

1 

1 

107 

1107 

1 

0 . 44806E+05 

1 

0.79256E411 

1 

0.71311E-04 


12696 

ux 

1 

1 

108 

|108 

1 

0.44806E+05 

1 

0.79256E+11 

1 

0.71318E-04 

1 

5628 

ux 

1 

1 

109 

|109 

1 

0.45789E+05 

1 

0.82771E+11 

1 

0 , 27983E-04 

1 

12521 

ux 

1 

1 

t 

110 

jllO 

1 

0.45789E+05 

1 

0.82771E411 

1 

0.27977E-04 

1 

5453 

ux 

1 

1 

111 

1111 

— + 
1 

0.47749E+05 

1 

0.90009E+11 

1 

0.40885E-04 

1 

12434 

ux 

1 

1 

112 

1112 

1 

0.47749E+05 

1 

0.90010E+11 

1 

0.40889E-04 


5366 

ux 

1 
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LOCKHEED-HUNTSVILLE ENGINEERING CENTER 


LMSC-HEC TR F268584-VII 


Table 4 EIGENVALUE SUMMARY TABLE - SECOND DEGENERATE 
BOUNDARY CONDITIONS 


1 

Mode 


Seq 

1 

F requency 

1 

E 1 gen va 1 ue 

1 

Genera 1 i zed 

1 Max Component 

1 

1 

No . 

1 

No 


Hertz 

1 

(Rad/sec) »»2 

1 

Mass 

|Deg. 

of Freedom 1 
1 

1 

1 


1 

1 

0.26821E+04 

1 

0.28400E+09 

1 

0.14242E-02 

1 Node 

640 

UZ 

( 

1 

2 

1 

2 

1 

0.26821E+04 

1 

0.28400E+09 

1 

0.14242E-02 

1 

7708 

uz 


1 

3 

I 

3 

1 

0.53898E+04 

1 

0.11468E+10 

1 

0.93958E-03 

1 

8931 

UZ 


1 

4 

1 

4 

1 

0.53898E+04 

1 

0.11468E+10 


0.93958E-03 

1 

1863 

uz 


1 

5 

1 

5 

1 

0.76347E+04 

1 

0.23012E+10 

1 

0.16728E-02 

1 

10599 

ux 


1 

6 

1 

6 

1 

0.76347E+04 

1 

0.23012E+10 

1 

0.16728E-02 


3531 

ux 


1 

7 

1 

7 

1 

0.97547E+04 

1 

0.37565E+10 

1 

0.43556E-03 

1 

10410 

ux 


1 

8 

1 

8 

1 

0.97547E-.-04 

1 

0.37565E+10 

1 

0.43556E-03 

1 

3342 

ux 


1 

9 

1 

9 

1 

0.10519E+05 

1 

0.43682E+10 

1 

0.43760E-03 

1 

9095 

uz 


1 

10 

1 

10 

1 

0.10519E-*-05 

1 

0.43682E+10 


0.43760E-03 

1 

2027 

uz 


1 

11 

1 

11 

1 

0.11037E+05 

1 

0.48088E+10 

1 

0.12470E-03 

1 

3342 

ux 


1 

12 

1 

12 

1 

0.11037E+05 

1 

0.48088E+10 

1 

0.12470E-03 


10410 

ux 


1 

13 

1 

13 

1 

0.11920E+05 

1 

0.56093E+10 

1 

0.80870E-03 


396 

uz 


1 

14 

1 

14 

1 

0.11920E+05 

1 

0.56093E+10 

1 

0.80870E-03 

1 

7464 

uz 


1 

15 

1 

15 

1 

0.12083E+05 

1 

0.57639E+10 

1 

0.90705E-03 

1 

3199 

ux 


1 

16 

1 

16 

1 

0.12083E+05 

1 

0.57639E+10 

1 

0.90705E-03 


10267 

ux 


1 

17 

1 

17 

1 

0.12993E+05 

1 

0.66651E+10 

1 

0.31966E-03 

1 

395 

uz 


1 

18 

1 

18 

1 

0.12993E+05 

1 

0.66651E+10 

1 

0.31966E-03 


7463 

uz 


1 

19 

1 

19 

1 

0.13376E+05 

1 

0.70635E+10 

1 

0.13673E-02 

1 

3199 

ux 


1 

20 

1 

20 

1 

0.13376E+05 

1 

0.70635E+10 

1 

- -A ■ 

0.13673E-02 

1 

10267 

ux 


1 

21 

1 

21 

“ ^ * 

1 

0.14957E+05 

1 

0.88319E+10 

1 

0.24981E-03 

1 

10390 

uz 


1 

22 

1 

22 

1 

0.14957E+05 

1 

0.88319E^10 

1 

0.24981E-03 

1 

3322 

uz 


1 

23 

1 

23 

1 

0.15395E+05 

1 

0.93570E+10 

1 

0 . 78289E-03 

1 

233 

uz 


1 

24 

1 

24 

1 

0.15395E+05 

1 

0.93570E^10 

1 

0.78289E-03 

1 

7301 

uz 


1 

25 

1 

25 

1 

0.16340E+05 

1 

0.10541E+11 

1 

0.17920E-03 

1 

3608 

ux 


1 

26 

1 

26 

1 

0.16340E+05 

1 

0.10541E-.-11 

1 

0.17920E-03 

1 

10676 

ux 


1 

27 

1 

27 

1 

0.17880E+05 

1 

0.12621E+11 


0.23140E-03 

1 

2933 

ux 


1 

28 

1 

28 

1 

0.17880E+05 

1 

0.12621E+11 

1 

0.23140E-03 

1 

10001 

ux 


1 

29 

1 

29 

1 

0.18686E+05 

1 

0.13784E+11 

1 

0.14137E-03 


11004 

uz 


1 

30 

1 

30 

1 

0.18686E+05 

1 

0.13784E+11 

1 

0.14137E-03 

1 

3936 

uz 


1 

31 

1 

31 

i 

0.18777E+05 

i 

0.13919E+11 

i 

0.12827E-03 


10418 

uz 


1 

32 

! 

32 

1 

0.18777E+05 

1 

0.13919E+11 

1 

0.12827E-03 

1 

3350 

uz 


1 

33 


33 

1 

0.19240E+05 

1 

0.14615E411 

1 

0.45894E-03 

1 

232 

uz 


1 

34 

1 

34 

1 

0.19240E+05 

1 

0.14615E+11 

1 

0.45894E-03 


7300 

uz 


1 

35 

1 

35 

1 

0.19747E+05 

1 

0.15394E+11 

1 

0.42431E-03 

1 

4012 

uz 


1 

36 

1 

36 

1 

0.19747E+05 

1 

0.15394E+11 

i 

0.42431E-03 


11080 

uz 


1 

37 

1 

37 

1 

0.20485E+05 

1 

0.16567E+11 

1 

0.95820E-04 

1 

11676 

uz 


1 

38 

1 

38 

1 

0.20485E+05 

1 

0.16567E+11 

1 

0.95820E-04 

1 

4608 

uz 


1 

39 

1 

39 

1 

0. 20701 E+05 

1 

0.16918E+11 

1 

0.85273E-04 

1 

2750 

uz 


1 

40 

1 

40 

1 

0.20701E+05 

1 

0.16918E+11 

1 

0.85273E-04 

1 

9818 

uz 
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LOCKHEED-HUNTSVILLE ENGINEERING CENTER 


LMSC-HEC TR F268584-VII 


Table 4 EIGENVALUE SUMMARY TABLE - SECOND DEGENERATE 
BOUNDARY CONDITIONS (Continued) 


1 

Mode 

1 

Seq 

1 

Frequency 

1 

E 1 genva 1 ue 

1 

Genera 1 i zed 

1 Max 

Component 


1 

1 

No. 

1 

No 


Hertz 

1 (Rad/ sec) 

1 

Mass 

|Deg, 

of Freedom 


1 

41 

1 

41 

t 

0.20938E-T05 

1 

0.17307E+11 

1 

0.88255E-04 


3936 

UZ 


1 

42 

1 

42 

1 

0.20938E+05 

1 

0.17307E+11 

1 

0.88255E-04 

1 

11004 

uz 


1 

43 

1 

43 

1 

0.21108E+05 

1 

0.17589E+11 

1 

0.25379E-03 

1 

11411 

UZ 


1 

44 

1 

44 

1 

0.21108E+05 

1 

0.17589E+11 

1 

0.25379E-03 

1 

4343 

uz 


1 

45 

1 

45 

1 

0.21565E+05 

1 

0.18359E+11 

1 

0.32459E-03 

1 

10148 

UZ 


1 

46 

1 

46 

1 

0.21565E+05 

1 

0.18359E+11 

1 

0.32459E-03 

1 

3080 

uz 


1 

47 

1 

47 

1 

0.22014E+05 

1 

0.19131E+11 

1 

0.31792E-03 

1 

4338 

uz 


1 

48 

1 

48 

1 

0.22014E+05 

1 

0.19131E+11 

1 

0.31792E-03 

1 

11406 

uz 


1 

49 

1 

49 

1 

0.22546E+05 

1 

0.20067E+11 

1 

0.20094E-03 

1 

2918 

uz 


1 

50 

1 

50 

1 

0.22546E+05 

1 

0.20067E+11 

1 

0.20094E-03 

1 

9986 

uz 


1 

51 

“• 4 ' ■ 
1 

51 

1 

0.23063E+05 

1 

0.20999E+11 

1 

0.11366E-03 

1 

3798 

ux 


1 

52 

1 

52 

1 

0.23063E+05 

1 

0.20999E+11 


0.11366E-03 


10866 

ux 


1 

53 

1 

53 

1 

0.23566E+05 

1 

0.21925E+11 

1 

0.11538E-03 

1 

4536 

uz 


1 

54 

1 

54 

1 

0.23566E+05 

1 

0.21925E+11 

1 

0.11538E-03 

1 

11604 

uz 


1 

55 

1 

55 

1 

0.24017F+05 

1 

0.22771E+11 

1 

0.29182E-03 

1 

2752 

uz 


1 

56 

1 

56 

1 

0.24017E+05 

1 

0.22771E+11 

1 

0.29182E-03 

1 

9820 

uz 


1 

57 

1 

57 

1 

0.24611E+05 

1 

0.23912E+11 

1 

0.10915E-03 

1 

3350 

uz 


1 

58 

1 

58 

1 

0.24611E-.-05 

1 

0.23912E+11 

1 

0.10915E-03 

1 

10418 

uz 


1 

59 

1 

59 

1 

0.24779E+05 

1 

0.24239E+11 

1 

0.10536E-03 

1 

11004 

uz 


1 

60 

1 

60 

1 

0.24779E+05 

1 

0.24239E+11 

1 

0.10536E-03 

1 

3936 

uz 


1 

61 

— 4 • 
1 

61 

4 * 
1 

0.25125E+05 

1 

0.24922E+11 

1 

0.10426E-03 

i 

10418 

uz 


1 

62 

1 

62 

1 

0.25125E+05 

1 

0.24922E+11 

1 

0.10426E-03 

1 

3350 

uz 


1 

63 

1 

63 

1 

0.25531E+05 

1 

0.25734Efll 

1 

0.57633E-04 

1 

2750 

uz 


1 

64 

1 

64 

1 

0.25531E+05 

1 

0.25734E+11 

1 

0.57633E-04 


9818 

uz 


1 

65 

1 

65 

1 

0.26049E*05 

1 

0.26789E+11 

1 

0.35336E-03 

1 

3348 

uz 


1 

66 

1 

66 

1 

0.26049E-.-05 

1 

0.26789E+11 

1 

0.35336E-03 

1 

10416 

uz 


1 

67 

1 

67 

1 

0.26532E+05 

1 

0.27791E+11 

1 

0.14668E-03 

1 

5626 

uz 


1 

68 

1 

68 

1 

0.26532E+05 

1 

0.27791Efll 

1 

0.14668E-03 

1 

12694 

uz 


1 

69 

1 

69 

1 

0.27513E+05 

1 

0.29883E+11 

1 

0.31081E-03 

1 

12204 

ux 


1 

70 

1 

70 

1 

0.27513E+05 

1 

0.29883E+11 

1 

0.31081E-03 

1 

5136 

ux 


1 

71 

“ 4 • 
1 

71 

“ 4 ' 
1 

0.27952E+05 

1 

0.30845E+11 

1 

0.25271E-03 

1 

5438 

ux 



72 

1 

72 

1 

0.27952E+05 

1 

0.30845E-*-!! 

1 

0.25271E-03 


12506 

ux 


1 

73 

1 

73 

1 

0.28010E+05 

1 

0.30974E-^11 

1 

0.27584E-03 

1 

5438 

ux 


1 

74 

1 

74 

1 

0.28010E-I-05 

1 

0.30974E+11 

1 

0.27584E-03 

1 

12506 

ux 


1 

75 

1 

75 

1 

0 . 28347E+05 

1 

0.31722E+11 

1 

0.40349E-03 


3000 

uz 



76 

1 

76 

1 

0.28347E+05 

1 

0.31722E+11 

1 

0.40349E-03 


10068 

uz 


1 

77 

1 

77 

1 

0.28833E+05 

1 

0.32819E+11 

1 

0.18525E-03 

1 

8930 

uz 


1 

78 

1 

78 

1 

0.28833Ef05 

1 

0.32819E+11 

1 

0.18525E-03 

1 

1862 

uz 


1 

79 

1 

79 

1 

0.29172E+05 

1 

0.33596E+11 

1 

0.25161E-03 

1 

3348 

uz 


1 

80 

1 

80 

1 

0.29172E+05 

1 

0.33596E+11 

1 

0.25161E-03 

1 

10416 

uz 
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LOCKHEED-HUNTSVILLE ENGINEERING CENTER 


LMSC-HEC TR F26 8584- VII 


Table 4 EIGENVALUE SUMMARY TABLE - SECOND DEGENERATE 
BOUNDARY CONDITIONS (Concluded) 


Mode 

1 

Seq 


Frequency 

1 E 1 gen va 1 ue 

1 

Genera 1 i zed 

1 Max 

Component 

No . 

1 

- + 

No 

- + 

Hertz 

1 (Rad/sec) *=^2 

1 

Mass 

|Deg. 

of Freedom 

81 

1 

81 

1 

0.29448E+05 

1 0.34235E+11 

— 

1 

0.16100E-03 


5438 

UX 

82 

1 

82 

1 

0.29448E+05 

1 0.34235E+11 

1 

0.16100E-03 

1 

12506 

ux 

83 

1 

83 

1 

0.29657E+05 

1 0.34723E+11 

1 

0.23382E-03 

1 

231 

uz 

84 

1 

84 

1 

0.29657E+05 

1 0.34723E+11 

1 

0.23382E-03 

1 

7299 

uz 

8b 

1 

85 

1 

0.29862E+05 

1 0.35204E+11 

1 

0.16441E-03 

1 

5357 

ux 

86 

1 

86 

1 

0 . 29862E+05 

1 0.35204E+11 

1 

0.16441E-03 

1 

12425 

ux 

87 

1 

87 

1 

0 . 30204E+05 

1 0.36016E+11 

1 

0.31797E-03 


9986 

uz 

88 

1 

88 

1 

0 . 30204E+05 

1 0.36016E+11 

1 

0.31797E-03 

1 

2918 

uz 

89 

1 

89 

1 

0 . 30872E+05 

1 0.37626E+11 

1 

0.15012E-03 

1 

2749 

uz 

90 

1 

- + 

90 

1 

- + 

0.30872E+05 

1 0.37626E+11 

1 

0.15012E-03 

1 

9817 

uz 

91 

1 

91 

1 

0.31022E+05 

1 0.37992E+11 

1 

0.17736E-03 

1 

11933 

uz 

92 

1 

92 

1 

0.31022E+05 

1 0.37992E+11 

1 

0.17734E-03 

1 

4865 

uz 

93 

1 

93 

1 

0.31129E+05 

1 0.38255E+11 

1 

0.87263E-04 

1 

5438 

ux 

94 

1 

94 

1 

0.31129E+05 

1 0.38255E+11 

1 

0.87263E-04 

1 

12506 

ux 

95 

1 

95 

1 

0.31572E+05 

1 0.39352E+11 

1 

0.96413E-04 

1 

5525 

ux 

96 

1 

96 

1 

0.31572E+05 

1 0.39352E+11 

1 

0.96412E-04 

1 

12593 

ux 

97 

1 

97 

1 

0.31928E+05 

1 0.40243E+11 

1 

0.21365E-03 

1 

5438 

ux 1 

98 

1 

98 

1 

0.31928E+05 

1 0.40243E+11 


0.21373E-03 


12506 

ux I 

99 

1 

99 

1 

0.44206E+05 

1 0.77147E+11 

1 

0 . 52939E-04 

1 

12602 

ux 1 

100 

1100 
^ 

1 

■f - 

0.44206E+05 

1 0.77147E+11 
— ^ — 

1 

0.52937E-04 


5534 

ux 1 

101 

1101 

1 

0.45811E+05 

1 0.82850E+11 

1 

0.63014E-04 


12434 

ux 

102 

1102 

1 

0.45811E+05 

1 0.82851E+11 

1 

0.63016E-04 


5366 

ux 

103 

jl03 

1 

0.46366E+05 

1 0.84872E+11 

1 

0.37867E-04 

1 

5453 

ux 

104 

|104 

1 

0.46366E+05 

1 0.84873E+11 


0.37866E-04 

1 

12521 

ux 

105 

|105 

1 

0.47784E+05 

1 0.90141E+11 

1 

0 . 50646E-04 

1 

12434 

ux 

106 

jl06 

1 

0.47784E+05 

1 0.90141E+11 

1 

0 . 50644E-04 


5366 

ux 
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LOCKHEED-HUNTSVILLE ENGINEERING CENTER 



LMSC-HEC TR F268584-VII 


Table 5 EIGENVALUE SUMMARY TABLE - ANTISYMMETRIC- 
ANTISYMMETRIC BOUNDARY CONDITIONS 


1 

Mode 

1 

Seq 


Frequency 

1 

E i genva 1 ue 

1 

Genera 1 i zed 

1 

Max Component 

1 

1 

No . 

1 

No 


Hertz 

1 

(Rad/sec) *»2 

1 

Mass 

|Deg. of Freedom 1 

. t 

1 

1 

1 

1 

1 

0.39458E+04 

1 

0.61464E+09 

1 

0.58723E-03 

1 

8345 

UZ 

1 

1 

2 

1 

2 

1 

0.41008E+04 

1 

0.66389E+09 

1 

0.57382E-03 

1 

7235 

uz 


1 

3 

1 

3 

1 

0.97279E+04 

1 

0.37359E+10 

1 

0.20327E-03 

1 

10599 

ux 


1 

4 

1 

4 

1 

0.99459E+04 

1 

0.39052E410 

1 

0.97860E-03 

1 

10212 

uz 


1 

5 

1 

5 

1 

0.10640E+05 

1 

0.44690E+10 

1 

0.10869E-03 

1 

10410 

ux 


1 

6 

1 

6 

1 

0.11 784 E+05 

1 

0.54824E+10 

1 

0.20615E-03 


7821 

uz 


1 

7 

1 

7 

1 

0.11827E+05 

1 

0.55225E+10 

1 

0.18295E-03 

1 

7463 

uz 


1 

8 

1 

8 

1 

0.12576E+05 

1 

0.62436E+10 

1 

0.53503E-03 

1 

10666 

uz 


1 

9 

1 

9 

1 

0.12852E+05 

1 

0.65213E+10 

1 

0.20125E-03 

1 

10400 

uz 


1 

10 

1 

. ^ 

10 

1 

0.14375E+05 

1 

0.81577E+10 

1 

0.22320E-03 

1 

10599 

ux 


1 

11 

1 

11 

1 

0.14930E+05 

1 

0.87998E+10 

1 

0.51431E-03 

1 

11933 

uz 


1 

12 

1 

12 

1 

0.16796E+05 

1 

0.11137E411 

1 

0.53078E-03 

1 

10410 

ux 


1 

13 

1 

13 

1 

0.16987E+05 

1 

0.11392E+11 

1 

0. 68191 E-03 

1 

10676 

ux 


1 

14 

1 

14 

1 

0.17838E+05 

1 

0.12562E+11 

1 

0.30326E-03 

1 

10267 

ux 


1 

15 

1 

15 

1 

0.18397E+05 

1 

0.13361E+11 

1 

0.42890E-03 

1 

10676 

ux 


1 

16 

1 

16 

1 

0.18512E+05 

1 

0.13530E+11 

1 

0.45330E-03 

1 

10340 

uz 


1 

17 

1 

17 

1 

0.18967E+05 

1 

0.14203E+11 

1 

0.48067E-04 


11604 

uz 


1 

18 

1 

18 

1 

0.19086E+05 

1 

0.14382E+11 

1 

0.59100E-04 

1 

10418 

uz 


1 

19 

1 

19 

1 

0.20441E^05 

1 

0.16496E*11 

1 

0.17814E-03 

1 

11414 

uz 


1 

20 

1 

20 

1 

. ^ • 

0.20894E+05 

1 

» ^ . 

0.17235E+11 

1 

0.15621E-03 

1 

10144 

uz 


1 

21 

1 

21 

1 

0.21118E+05 

1 

0.17607E+11 

1 

0.28471E-03 

1 

8249 

uz 


1 

22 

1 

22 

1 

0.21282E+05 

1 

0.17881E+11 

1 

0.16938E-03 

1 

10152 

uz 


1 

23 

1 

23 

1 

0.21874E+05 

1 

0.18889E+11 

1 

0.13372E-03 


11410 

uz 


1 

24 

1 

24 

1 

0.22485E+05 

1 

0.19960E+11 

1 

0.71432E-04 

1 

10865 

ux 


1 

25 

1 

25 

1 

0.23457E+05 

1 

0.21722E+11 

1 

0 . 36807E-04 

1 

11082 

uz 


1 

26 

1 

26 

1 

0.23479E+05 

1 

0.21763E+11 

1 

0.36138E-04 

1 

9818 

uz 


1 

27 

1 

27 

1 

0.24614E+05 

1 

0.23917E+11 

1 

0.46213E-04 

1 

11604 

uz 


1 

28 

1 

28 

1 

0.24705Et-05 

1 

0.24096E+11 

1 

0.48929E-04 

1 

10418 

uz 


1 

29 

1 

29 

1 

0.24973E+05 

1 

0.24621E+11 

1 

0.10710E-03 

1 

12694 

uz 


1 

30 

1 

30 

1 

0.25412E+05 

1 

0.25493E+11 

1 

0.64398E-04 

1 

9618 

uz 


1 ■ 

31 

1 

31 

1 

0.25846E+05 

i 

0.26373E+11 


0.13621E-03 

1 

10865 

ux 


1 

32 

1 

32 

1 

0 . 26270E+05 

1 

0.27244E+11 

1 

0.29711E-03 


10212 

uz 


1 

33 

1 

33 

1 

0.26737E+05 

1 

0.28222E+11 

1 

0.12729E-03 

1 

11082 

uz 


1 

34 

1 

34 

1 

0.26787E+05 

1 

0.28327E+11 

1 

0.37062E-03 

1 

12506 

ux 


1 

35 

1 

35 

1 

0.27352E+05 

1 

0.29534Efll 

1 

0.10999E-03 

1 

9986 

uz 


1 

36 

1 

36 

1 

0.27974E+05 

1 

0.30893E+11 

1 

0.55532E-03 

1 

10671 

uz 


1 

37 

1 

37 

1 

0.28168E+05 

1 

0.31325E+11 

1 

0.33603E-03 

1 

12593 

ux 


1 

38 

1 

38 

1 

0 . 28635E+05 

1 

0.32372Efll 

1 

0.15107E-03 

1 

12506 

ux 


1 

39 

1 

39 

1 

0.28948E-*^5 

1 

0.33081E+11 

1 

0.27357E-03 

1 

11248 

uz 


1 

40 

1 

40 

1 

0.29516E+05 

1 

0.34393E+11 

1 

0.92719E-04 

1 

12694 

uz 
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LMSC-HEC TR F268584-VII 


Table 5 EIGENVALUE SUMMARY TABLE - ANTISYMMETRIC- 

ANTISYMMETRIC BOUNDARY CONDITIONS (Continued) 


1 

Mode 

1 

Seq 

1 

Frequency 

1 

E i genva 1 ue 

1 

Genera 1 i zed 

1 Max 

Component 

1 

1 

No . 

1 

No 


Hertz 

1 

(Rad/sec) »*2 

1 

Mass 

|Deg, 

of Freedom 1 
1 

1 

41 

i 

41 

1 

0 . 30042E+05 

1 

0.35629E+11 

1 

0.10940E-03 


12593 

UX 

1 

1 

42 

1 

42 

1 

0 . 30206E+05 

1 

0.36019E+11 

1 

0.35431E-03 


8408 

uz 


1 

43 

1 

43 

1 

0.30751E+05 

1 

0.37332E+11 

1 

0.13219E-03 

1 

10666 

uz 


1 

44 

1 

44 

1 

0.31018E+05 

1 

0.37982E+11 

1 

0.39344E-04 


12506 

UX 


1 

45 

1 

45 

1 

0.31219E+05 

1 

0.38477E+11 

1 

0.64976E-04 


11933 

uz 


1 

46 


46 

1 

0.31453E+05 

1 

0.39056E+11 

1 

0.13406E-03 

1 

12425 

UX 


I 

47 

1 

47 

1 

0.31666E+05 

1 

0.39588E+11 

1 

0.25325E-03 

1 

12593 

UX 


1 

48 

1 

48 

1 

0.31860E+05 

1 

0.40072E+11 

1 

0.89416E-04 

1 

11082 

uz 


1 

49 

1 

49 

1 

0.32268E+05 

1 

0.41105E+11 

1 

0.22791E-03 

1 

10584 

uz 


1 

50 

1 

50 

1 

0.32327E-I-05 

1 

0.41257E+11 

1 

0.18897E-03 

1 

12506 

UX 


1 

51 

1 

51 

1 

0 . 32632E+05 

1 

0.42038E+11 

1 

0.18830E-03 

1 

10666 

uz 


1 

52 

1 

52 

1 

0.32996E+05 

1 

0.42983E+11 

1 

0.15255E-03 

1 

12593 

UX 


1 

53 

1 

53 

1 

0.33407E+05 

1 

0.44059E+11 

1 

0.61279E-04 

1 

12593 

UX 


1 

54 

1 

54 

1 

0.33595E+05 

1 

0.44557E+11 


0. 30441 E-04 

1 

12425 

UX 


1 

55 

1 

55 

1 

0.33848E+05 

1 

0.45230E+11 

1 

0.12868E-03 

1 

11933 

uz 


1 

56 

1 

56 

1 

0.34bl8E^05 

1 

0.45686E+11 


0.84628E-04 

1 

12378 

uz 


1 

57 

1 

57 

1 

0.34559E+05 

1 

0.47150E+11 

1 

0.99870E-04 


11676 

uz 


1 

58 

1 

58 

1 

0.35008E+05 

1 

0.48384E+11 

1 

0.65417E-04 

1 

10416 

uz 


1 

59 

1 

59 

1 

0.35130E+05 

1 

0.48721E+11 

1 

0.27515E-03 


11074 

UX 


1 

60 

1 

60 

1 

0.35553E+05 

1 

^ ^ . 

0.49900E+11 

1 

0.20880E-03 

1 

12199 

uz 
















1 

61 

1 

61 

1 

0.36084E+05 

1 

0.51402E+11 

1 

0.26864E-03 

1 

12694 

uz 


1 

62 

1 

62 

1 

0.36322E-*-05 

1 

0.52082E+11 

1 

0.97727E^04 

1 

10252 

uz 



63 

1 

63 

1 

0.36592E-^05 

1 

0. 52861 E+11 

1 

0.48780E-04 


10405 

uz 


1 

64 

1 

64 

1 

0.36987E+05 

1 

0.54007E+11 

1 

0.14326E-03 

1 

12593 

UX 


1 

65 

1 

65 

1 

0.37329E+05 

1 

0.55011E+11 

1 

0.42045E-04 

1 

10405 

uz 


1 

66 

1 

66 

1 

0.37714E*05 

1 

0.56153E+11 

1 

0.16131E-03 

1 

12693 

UX 


1 

67 

1 

67 

1 

0.37919E+05 

1 

0.56763E+11 

1 

0 . 15409E-03 


11514 

uz 


1 

68 

1 

68 

1 

0.38111E+05 

1 

0.57339E+11 

1 

0.89933E-04 

1 

12425 

UX 


1 

69 

1 

69 

1 

0.38214E+05 

1 

0.57652E4.11 

1 

0.28224E-03 

1 

12434 

UX 


1 

70 

1 

70 

1 

0.38456E+05 

1 

0.58382E+11 


0.58318E-04 

1 

11667 

uz 


1 

71 

m ^ m 
1 

71 

i 

0 . 39003E+05 

1 

0.60057E+11 

1 

0.10054E-03 


12204 

UX 


1 

72 

1 

72 

1 

0.39212E+05 

1 

0.60701E+11 

1 

0.83075E-04 

1 

12434 

UX 


1 

73 

1 

73 

1 

0.39446E+05 

1 

0.61429E+11 

1 

0.63603E-04 

1 

10584 

uz 


1 

74 

1 

74 

1 

0.39753E+05 

1 

0.62386E+11 

1 

0.37125E-04 

1 

12593 

UX 


1 

75 

1 

75 

1 

0 . 40009E+05 

1 

0.63193E+11 

1 

0.26641E-04 

1 

12425 

UX 


1 

76 

1 

76 

1 

0.40276E+05 

1 

0.64041E+11 

1 

0.18806E-04 

1 

12593 

UX 


1 

77 

1 

77 

1 

0.40416E+05 

1 

0.64485E+11 

1 

0.83200E-04 

1 

12434 

UX 


1 

78 

1 

78 

1 

0.40576E+05 

1 

0.64999E+11 

1 

0.48774E-04 

1 

12425 

UX 


1 

79 

1 

79 

1 

0.40680E+05 

1 

0.65332E-I-11 

1 

0.41614E-04 

1 

12199 

uz 


1 

80 


80 


0.41291E+05 

1 

0.67309E+11 

1 

0.1 7851 E-04 

1 

12425 

UX 
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Table 5 EIGENVALUE SUMMARY TABLE - ANTISYMMETRIC- 

ANTISYMMETRIC BOUNDARY CONDITIONS (Concluded) 


Mo(dc 

1 Seq 


F requency 

1 

E i goru a I ue 

1 

Gener a ! i zed 

1 Max 

Component 

1 

No. 

1 No 


Hertz 

1 

(Rad/sec) • »2 

1 

Mass 

|Deg. 

of Freedom 1 
1 

81 

1 81 

1 

0.41356E+05 

1 

0.67521E411 

1 

0.61422E-04 


9807 

UZ 

1 

82 

1 82 

1 

0.41635E+05 

1 

0.68434E411 

1 

0.38567E-04 

1 

10405 

uz 


83 

1 83 

1 

0.42285E+05 

1 

0.70587E411 

1 

0.60762E-04 

1 

11667 

UZ 


84 

1 84 

1 

0.42435E+05 

1 

0.71091E411 

1 

0.40220E-04 

1 

12434 

ux 


85 

1 85 

1 

0.43050E+05 

1 

0.73165E+11 

1 

0.69469E-04 


11248 

UZ 


86 

I 86 

1 

0.43260E+05 

1 

0.73881E+11 

1 

0.33787E-04 

1 

12593 

ux 


87 

1 87 

1 

0.43683E*05 

1 

0.75333E+11 

1 

0.84909E-04 

1 

12602 

ux 


88 

1 88 

1 

0.44081E+05 

1 

0.76713E411 

1 

0.99970E-04 

1 

12521 

ux 


89 

1 89 

1 

0.44427E+05 

1 

0.77919E411 

1 

0.82695E-04 


12602 

ux 


90 

— — 

1 90 

1 

. 4 

0.44705E+05 

1 

0.78899E411 

1 

0.55472E-04 

1 

12521 

ux 


91 

1 91 

1 

0.44713E+05 

1 

0.78929E411 

1 

0.13467E-03 

1 

13898 

ux 


92 

1 92 

1 

0.44839E+05 

1 

0.79374E+11 

1 

0.24738E-04 

1 

12593 

ux 


93 

1 93 

1 

0.44972E+05 

1 

0.79845E411 

1 

0.86692E-04 

1 

12194 

uz 


94 

1 94 

1 

0.45079E+05 

1 

0.80225E411 

1 

0.45104E-04 

1 

12425 

ux 


95 

1 95 

1 

0.45373E+05 

1 

0.81275E+11 

1 

0.46547E-04 

1 

12715 

UY 


96 

1 96 

1 

0.45492E+05 

1 

0.81700E+11 

1 

0.98490E-04 


12521 

ux 


97 

1 97 

1 

0.45684E+05 

1 

0.82392E+11 

1 

0.25966E-04 

1 

12425 

ux 


98 

1 98 

1 

0.45926E^05 

1 

0.83269E411 

1 

0.34538E-04 

1 

13995 

ux 


99 

1 99 

1 

0.45991E405 

1 

0.83502E411 

1 

0.22108E-04 

1 

12593 

ux 


100 

jioo 

1 

0.46113E+05 

1 

0.83949E411 

1 

0.55428E-04 

1 

13300 

ux 


101 

1101 

1 

0.46321E+05 

7 

0.84706E411 

T 

0.18300E-04 

1 

10850 

uz 


102 

|102 

1 

0.46449E*05 

1 

0.85175E411 

1 

0.16114E-04 


12434 

ux 


103 

|103 

1 

0.46545E+05 

1 

0.85529E411 

1 

0.24565E-04 

1 

12194 

uz 


104 

|104 

1 

0.46864E+05 

1 

0.86704E+11 

1 

0.19765E-04 


11832 

uz 


105 

jl05 

1 

0.47247E+05 

1 

0.88125E411 

1 

0.48711E-04 


12434 

ux 


106 

|106 

1 

0.47477E^05 

1 

0.88988E411 

1 

0.24344E-04 


12521 

ux 


107 

|107 

1 

0.47597E+05 

1 

0.89438E+11 

1 

0.18360E-03 


11335 

uz 


108 

|108 

1 

0.47886E+05 

1 

0.90528E411 

1 

0.55186E-04 

1 

10068 

uz 


109 

|109 

1 

0.48000E+05 

1 

0.90957E+11 

1 

0.39781E-04 

1 

12521 

ux 


110 

1110 

1 

0.48156E+05 

1 

0.91552E+11 

1 

0.32736E-04 

1 

11933 

uz 


111 

iiii 

i 

0.48383E+05 

i 

0.92414E411 

1 

0.77723E-04 

1 

12434 

ux 


112 

|112 

1 

0.48627E+05 

1 

0.93352E+11 

1 

0.21434E-04 

1 

11514 

uz 


113 

|113 

1 

0.48654E^05 

1 

0.93454E411 

1 

0.83209E-04 


12602 

ux 


114 

|114 

1 

0.48972E+05 

1 

0.94680E+11 

1 

0.45442E-04 

1 

10656 

uz 


115 

|115 

1 

0.49338E+05 

1 

0.96101E411 

1 

0.43418E-04 

1 

12434 

ux 


116 

1116 

1 

0.49510E+05 

1 

0.96772E*11 

1 

0.33842E-04 


12602 

ux 


117 

|117 

1 

0.49778E+05 

1 

0.97823E*11 

1 

0.24032E-04 

1 

12434 

ux 


118 

1118 

1 

0.49947E405 

1 

0.98486E+11 

1 

0.23669E-04 


12521 

ux 


119 

jll9 

1 

0.65862E+05 

1 

0.17125E*12 

1 

0.60923E-04 

1 

12403 

ux 


120 

1120 
. 4 ^ _ ^ ^ - 

1 

, 4 « 

0.67S09E+05 

1 

0.17992E+12 

1 

0.55034E-04 

1 

12719 

ux 


121 

|121 

1 

0.68783E*05 

^ m 
1 

0.18678E412 

1 

0.28177E-04 

— + 
1 

12509 

ux 


122 

1122 

1 

0.69770E+05 

1 

0.19218E412 

1 

0.30797E-04 

1 

12602 

ux 
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Table 6 EIGENVALUE SUMHARY TABLE - SYMMETRIC-SYMMETRIC 
BOUNDARY CONDITIONS WITH SPIN LOADING 



Mode 

1 

Seq 


Frequency 

1 

Eigenva 1 ue 

1 

General i zed 

1 

Max Component | 


No. 

1 

No 


Hertz 

1 

(Rad/sec) **2 

1 

Mass 

|Deg. of Freedom 1 

^ _ \ 


1 

1 

1 

1 

0.19261E>04 

1 

0.14646E+09 

1 

0.23704E-02 


Node 5068 

1 

UX| 


2 

1 

2 

1 

0.23002E+04 

1 

0.20888E+09 

1 

0.19367E-02 

1 

166 

UZ| 


3 

1 

3 

1 

0.51527E+04 

1 

0.10482E+10 

1 

0.23030E-02 

1 

1339 

UZ| 


4 

1 

4 

1 

0.81635E+04 

1 

0.26310E*10 

1 

0.40100E-03 

1 

1751 

uzj 


5 

1 

5 

1 

0.83532E+04 

1 

0.27547E+10 

1 

0.37095E-03 

1 

1181 

UZ| 


6 

1 

6 

1 

0.89285E*04 

1 

0.31472E*10 

1 

0.72698E-03 

1 

3768 

UZ| 


7 

1 

7 

1 

0.10059E+05 

1 

0.39943E+10 

1 

0.99653E-03 

1 

690 

UZ| 


8 

1 

8 

1 

0.12009E+05 

1 

0.56939E+10 

1 

0.66132E-04 


3531 

UX| 


9 

1 

9 

1 

0.14016E+05 

1 

0.77553E+10 

1 

0.24323E-02 

1 

5626 

UY| 


10 

1 

10 

1 

0.14356E*05 

1 

0.81361E+10 

1 

0.63608E-03 

1 

1340 

UZ| 


11 

1 

11 

1 

0.14789E+05 

1 

0.86349E+10 

1 

0.19488E-03 

1 

917 

UZ| 


12 

1 

12 

1 

0.15170E*05 

1 

0.90848E*10 

1 

0.31747E-03 

1 

394 

UZ| 


13 

1 

13 

1 

0.15736E+05 

1 

0.97759E+10 

1 

0.10483E-03 

1 

3199 

UX| 


14 

1 

14 

1 

0.16728E+05 

1 

0.11047E+11 

1 

0.27595E-03 

1 

753 

UZ| 


15 

1 

15 

1 

0.17192E+05 

1 

0.11668E+11 

1 

0 24996E-03 

1 

5139 

UX| 


16 

1 

16 

1 

0.18463E»05 

1 

0.13457E*11 

1 

0.14703E-03 

1 

1799 

UZ| 


17 

1 

17 

1 

0.18599E+05 

1 

0.13656E+11 

1 

0.81184E-04 

1 

3797 

UX| 


18 

1 

18 

1 

0.19176E*05 

1 

0.14516E411 

1 

0,11111E-03 

1 

2744 

uxj 


19 

1 

19 

1 

0.20184E+05 

1 

0.16084E+11 

1 

0.26307E-03 

1 

4346 

UZ| 


20 

1 

20 

1 

0.20422E+05 

1 

0.16465E+11 

1 

0.11927E-03 

1 

3272 

UZ| 


21 

1 

21 

1 

0.20540E*05 

1 

0.16656E+11 

1 

0.44844E-04 

1 

4536 

UZ| 


22 

1 

22 

1 

0.21262E+05 

1 

0.17847E+11 

1 

0.27800E-03 

1 

3350 

UZ| 


23 

1 

23 

1 

0.21643E+05 

1 

0.18493E+11 

1 

0.45818E-04 

1 

3350 

UZ| 


24 

1 

24 

1 

0.21765E*05 

1 

0.18702E+11 

1 

0.43813E-04 

1 

2750 

UZ| 


25 

1 

25 

1 

0.22019E+05 

1 

0.19141E+11 

1 

0.15988E-03 

1 

2739 

UZ| 


26 

1 

26 

1 

0.22103E+05 

1 

0.19286E+11 

1 

0.10779E-03 

1 

3081 

UZ| 


27 

1 

27 

1 

0.22288E*05 

1 

0.19611E+11 

1 

0.26284E-03 

1 

4346 

UZ| 


28 

1 

28 

1 

0.22694E+05 

1 

0.20332E*11 

1 

0.24374E-03 

1 

4338 

UZ| 


29 

1 

29 

1 

0.23729E*05 

1 

0.22229E+11 

1 

0.12147E-03 

1 

2739 

UZ| 


30 

1 

30 

1 

0.24044E+05 

1 

0.22823E+11 

1 

0.27652E-03 

1 

4338 

UZ| 


31 

- 4 ' 

1 

31 

- 4' ' 
1 

0.24371E+05 

1 

0.23449E+11 

1 

0.30563E-03 

1 

4145 

UZl 


32 

1 

32 

1 

0.25520E+05 

1 

0.25711E«11 

1 

0.93843E-04 

1 

4014 

UZ| 


33 

1 

33 

1 

0.26116E+05 

1 

0.26926E+11 

1 

0.43203E-03 

1 

751 

UZ| 


34 

1 

34 

1 

0.26215E*05 

1 

0.27130E*11 

1 

0.10797E-03 


4608 

UZ| 


35 

1 

35 

1 

0.26438E*05 

1 

0.27595E+11 

1 

0.17020E-03 

1 

4608 

UZ| 


36 

1 

36 

1 

0.26701E+05 

1 

0.28147E*!! 

1 

0.56694E-04 

1 

2748 

UZ| 


37 

1 

37 

1 

0.27225E+05 

1 

0.29262E*11 

1 

0.90582E-04 

1 

3350 

UZ| 


38 

1 

38 

1 

0.28123E*05 

1 

0.31224E+11 

1 

0.14275E-03 

1 

5626 

UZ| 


39 

1 

39 

1 

0.28176E+05 

1 

0.31341E+11 

1 

0.78579E-04 

1 

4014 

UZ| 


40 

1 

40 

1 

0.28425E+05 

1 

0.31898E+11 


0.74204E-04 

1 

' 4 ■ 

3350 

UZ| 


41 

- 4 • 
1 

41 

- 4 • 
1 

0.28805E*05 

1 

0.32755E+11 


0.19013E-03 

1 

3071 

UZ| 


42 

1 

42 

1 

0.28898E+05 

1 

0.32968E*11 

1 

0.13177E-03 

1 

5438 

UX| 


43 

1 

43 

1 

0.29865E*05 

1 

0.35212E+11 

1 

0.57792E-04 

1 

5438 

UX| 


44 

1 

44 

1 

0.30039E+05 

1 

0.35623E+11 

1 

0.11978E-03 

1 

5626 

UZ| 


45 

1 

45 

1 

0.30113E+05 

1 

0.35798E+11 

1 

0.20995E-03 

1 

5366 

UX| 


46 

1 

46 

1 

0.30483E*05 

1 

0.36683E+11 

1 

0.88942E-04 

1 

5525 

UX| 


47 

1 

47 

1 

0.30863E+05 

1 

0.37605E+11 

1 

0.26916E-03 

1 

2752 

UZ| 


48 

1 

48 

1 

0.31123E»05 

1 

0.38242E+11 


0.68396E-04 

1 

5626 

UZ| 


49 

1 

49 

1 

0.31313E*05 

1 

0.38708E+11 

1 

0.14362E-03 

1 

5626 

UZ| 
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Table 7 SUGGESTED FREQUENCIES FOR FURTHER EXAMINATIONS 


[Power 1 

RPM 

1 1st Harmonic [ 

Natura 1 

Frequenc i es 

of Interest(*) (Hz) [ 

[Level 1 


[of Forcing Freqj 

Sym-Sym 

[ 1st Degen 

1 2nd Degen [ Anti-Antij 

1 ^ 
1 RPL 1 

35128 



1(7,8) 7746 

-A. 

1(5,6) 7635 [ - i 

1 ^ 

[ 104« 1 

1 4 . • 

36106 


(4) 7894 

▼ -I-U K. MM. mi. ^ ^ 

1 

+ 

1 - 1 - 1 


FPL I 37342 I 8091 | (5) 8093 | - | - | 


* 

Mode numbers are in parentheses. 


31 


LOCKHEED-HUNTSVILLE ENGINEERING CENTER 


HPryp IPQ stOGE impeller - L/6th MODEL 


ORIGINAL PAGE IS 
OF POOR QUALITY 


LMSC-HEC TR F268584-VII 



LOCKHEED-HUNTSVILLE ENGINEERING CENTER 


Figure 1 SSME HPFTP Third Stage Impeller - DIAL Finite Element Model 


I 

I 
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LMSC-HEC TR F268584-VII 


ORIGINAL PAGE 
COLOR PHOTOORAPH 






I 

I 

I 

I 


Figure 2 SSME HPFTP Third Stage Impeller - Light Source Shading Plot 


ORIGiNAL PAGE IS 
OF POOR QUALITY 
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LMSC-HEC TR F268584-VII 


ORIGINAL PAGE IS 
OF POOR QUALITY 
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Figure 3 HPFTP Third Stage Impeller - Distributed Pressure Loading- Hub 




S5ME THIRD STHGEI IMPELLER 
PRESSURE BOrrOM OF SHROUD ( DISTRIBUIED PRESSURE 
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Figure 4 HPFTP Third Stage Impeller - Distributed Pressure Loading Shroud 
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Figure 5 HPFTP Third Stage Impeller - 6000/4500 psi Pressure on Shroud 



Figure 6 HPFTP Third Stage Impeller - 5000 psi Pressure on Hub 
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Figure 7 HPFTP Third Stage Impeller - Torque Loading on Shaft 
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Figure 9 HPFTP Third Stage Impeller - Dynamic Spatial Loading on Vanes 
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Figure 10 HPFTP Third Stage Impeller - Deflected Plot - Spin Loading Only 
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Figure 11 HPFTP Third Stage Impeller - Deflected Plot - Combined Loading 


S5ME THIRD STPGE IMPELLER - SPIN LOPDING ONLY 
EFFECTIVE STRESS CONTOUR PLOT ( HUB) 
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Figure 12 HPFTP Third Stage Impeller - Effective Stress Contour Plot 
Spin Loading Only - Hub Inside Surface 
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Figure 13 HPFTP Third Stage Impeller - Effective Stress Contour Plot 
Spin Loading Only - Shroud Inside Surface 



SSME THIRD STmGE IMPELLER - COMBINED LORDING 
effective stress contour plot ( INNER SURERCE OE H 
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Figure 14 HPFTP Third Stage Ispeller - Effective Stress Contour Plot 
Combined Loading - Hub Inside Surface 



Figure 15 HPFTP Third Stage la^ller - Effective Stress Contour Plot 
Combined Loading - Shroud Inside Surface 




Figure 16 HPFTP Third Stage Impeller - Effective Strain Contour Plot 
Combined Loading - Shroud Inside Surface 
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■ Figure 17 HPFTP Third Stage Impeller - Color Stress/Strain Contour 

Plots - Hub Inside Surface 
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Figure 18 HPFTP Third Stage Impeller - Color Contour Stress/Strain 
Plots - Shroud Inside Surface 
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S'iME HPFTP DEGENERPTE N = P EE MODh L MODPiL RESULTS 
DISPLALI T 1 ENT CONruUR PLOTS FOR MODE 1 LREQ = 268Z OUT OF PLANE 



Figure 21 HPFTP Third Stage lonelier Modal Analysis - Displac^nent 
Contour Plot - Mode 1, Second Degenerate Model 
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S5ME HPFTP - 3RD STAGE IMPELLER - SYMMETRIC FE MODEL MODAL RESULTS 
DEFLECTED MODE SHAPE FOR MODE 5 FREQ=8093 HZ 



Figure 23 HPFTP Third Stage Inq>eller Modal Analysis - Mode Shape 
Deflected Plot - Mode 5, Symmetric-Symiietric Model 







S5ME HI^KI'P DE< .1 NEPPTi: N-i F'E NOliEL NODhL l'’rPUi... TS 
DEFLECTED MODE SHiiPE FOR MODE 5 FPI;Q = 67C4 OU I OF PLPNE 
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Figure 25 HPFTP Third Stage Impeller Modal Analysis - Mode Shape 
Deflected Plot - Mode 5, First Degenerate Model 






55ME HPFTP - 3RD STAGE IMPELLER - PERIODIC RESPONSE AMPLY 

DEFLECTED SHAPE AT TIME STEP 52 
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Figure 27 HPFTP Third Stage Impeller Periodic Response Analysis 
Deflected Shape - First Segment at Peak Loading 




S5ME HPFTP - 3RD STAGE IMPELLER - PERIODIC RESPONSE AMPLY? 
1ST SEGMENT - NODE S093 - EFFECTIVE STRESS TIME HISTORY 



Figure 28 HPFTP Third Stage Impeller Periodic Response Analysis 
Deflected Shape - Stress Time History Plot - Segment 1 







Figure 29 HPFTP Third Stage Impeller Periodic Response Analysis 
Deflected Shape - Stress Time Hostiry Plot - Segment 2 
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ELPECTIVE stress OT time step 52 (HUB PND VPNES ) 
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Figure 30 HPFTP Third Stage Impeller Periodic: Response Analysis 

Effective Stress Contours - First Segment Hub at Peak Loading 


55ME - 3RD STftGE IMPELLER - PERIODIC RESPONSE PNfiLY'Srs 
EEFECTIVE STRESS AT TIME STEP 52 (BOTTOM SURFACE OF SHROUD' 
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Figure 31 HPFTP Third Stage Inq>eller Periodic Response Analysis Effective 
Stress Contours - First Segment Shroud at Peak Loading 
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AKIMUM PERfORMANCE St'MMARI PAGE SUM 1 

(SURGIS ARE EXCLUDED) PROCESS DATE 4/27/87 

' PROCESS TIME: 7 52 22 
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TURBINE SPEED PARAMETER 
TURBINE PLOW PARAMETER 
EQUIVALENT SPEED 
EQUIVALENT EXPANSION RATIO 
SPECIFIC HEAT RATIO. GAIWIA 
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DEFINITION OF NERIOIONAL COORDINATES 


OUTER STREAMTUBE 


PCT. 

MERIO. LEN. 

R 

Z 

0 

3.01 

0.27 

5.9 

3.06 

0.47 

12.5 

3.15 

0.68 

20.2 

3.30 

0.89 

27.0 

3.48 

1.06 

35. 2 

3.71 

1.22 

43.8 

3.97 

1.37 

53.3 

4.28 

1.51 

62.9 

4.59 

1.60 

70.3 

4.85 

1.65 

77.9 

5.11 

1.68 

86.4 

5.40 

1.71 

96.0 

5.74 

1.73 

100 

5.88 

1.74 

CENTER STREAMTUBE 


PCT. 

MERIO. lEN. 

R 

Z 

0 

2.71 

0.28 

6.8 

2.79 

0.53 

14.0 

2.91 

0.78 

22.7 

3.11 

1.05 

30.0 

3.31 

1 .24 

38.1 

3.57 

1.43 

46.8 

3.86 

1.59 

56.1 

4.20 

1.71 

64.3 

4.51 

1.79 

71.9 

4.60 

1.86 

79.3 

5.08 

1.88 

87.4 

5.39 

1.90 

96.1 

5.73 

1.91 

100 

5.88 

1.93 


1736t 


A-9 



OEFINITIOM OF HEftlOIONAL COORDINATES (CONT'O) 


INNER STREAHTUBE 


PCT. 

HERID. LEN. 

R 

Z 

0 

2.31 

0.31 

7.7 

2.40 

0.63 

16.0 

2.54 

0.96 

25.6 

2.80 

1.30 

33.6 

3.06 

1.53 

42.2 

3.39 

1.77 

51.0 

3.74 

1.88 

59.5 

4.11 

1.97 

66.5 

4.40 

2.03 

74.4 

4.75 

2.06 

81.4 

S.06 

2.10 

88.8 

5.38 

2.10 

96.3 

5.72 

2.11 

100 

5.88 

2.12 


1736t 


A-10 
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Appendix 6 

STATIC ANALYSIS RUNSTREAM 


LOCKHEED- HUNTSVILLE ENGINEERING CENTER 



FFTrH nM^MpiS OAT' 

mes h” ‘ ^ ^ ^ ^ E ROUSOM CEKL302IMESH CEX' 

BAN^ 'OP"Tff;TtXT.'T5r§l^nPER5U5lW Cf^ CgX f 

yiuS - TEXT* 'DISKB [FERGUSON CEXL3D2] SETUP CEX ' . 

FEtcP:DN.MATL;Dr»TR,TExTe^Df§kgnFEB QU§fl fi .cExL:^0:^]^^ 

pss” * 0^*^^SS , DFaTR , TEXT» 'DISKS : [FERGUSON. CEXL3D2 ]MASS CEX ' 

SCO^ CExL5Di]ScOPE CEx^ 

LQAd”'°”*'“°^° text* 'DISXB [FERGUSON CEXL302JL0A0 CEX' 

SOLVE [PERKJSQN Cm3D5]50L5E CCx^ 

CEX' 

• DF«Bi,DN»FT07,’ TEXT* '$Diix/RMS«Rlc mIImE PUN' 


EXIT ’ • PDN«SSME . ID=CLARK . UQ 



■writ an 

max^X^O»??8o dOOO 4000 

Cl Type A n 


ELTVpE 4_,2,3 

ASSIGN tPNu^O IPLC*0 IPSK=0 IPEL=0 IPCO-0 
! f tfALzSSgE.-HuLjEEM14 

1 lUPOINT 2 -5 4 3907 ^ 

I^PQINT 3 -B 3 73?fi 



upoiNT es 

- -5 



UPOINT 

66 

‘5 

27 

2 

UPOINT 

67 

-5 

27 

2 

ItIPOINT 

68 

-5 

27 

2 

lOEOINI 69 

-5 

01 


UPOINT 

70 

-5 

27 

2 

UPOINT 

71 

-5 

29 

2 

UPOINT 

72 

-5 

29 

2 

UPQINJ_ 

_JZ3 

.-5 

23 

2 

UPOINT 

74 

-5 

29 

2 

hiPOINT 

75 

-5 

29 

2 

UPOINT 

76 

•5 

31 

y 

IJPQINT ■■ 

-12 

=5 

31 


UPOINT 

78 

-5 

31 











IJPO 
, IJPO 

hm 


INT 196 
^NT 196 

Mf 


TT 

17 

17 


TMOfl 
3 6948 
3 5668 


|Un ^3096 


2862 
1 . 0048 


-3 2463 
-3.2463 


H — HJS — iSit i j ii i j 


IJPO 

IJPO 


NT 199 
NT 200 


NT 201 

Mt 2or 

NT 203 

t.JPOINT 204 


m 


111 m 


I.ff>OINT 207 
tiiPOINT 208 






IJPOINT 211 
IJPOINT 212 


J JPQ I NT 213 
I^OINT 214 
IJPOINT 215 
IJPOINT 216 


IJPOINT 219 
IJPOINT 220 


aJPoInT Hi 

IJPOINT 223 
IJPOIN T 22 4 


IJPOINT 227 
IJPOINT 228 


IJPOINT 231 
, IJPOINT 232 

riJPOlMT 234 


IJPOINT 235 
IJPOINT 236 

IJPOINT 239 
IJPOINT 240 


iDpoIMt iii 

IJPOINT 243 
IJPOINT 244 

WEQINT—245 
IJPOINT 546' 
IJPOINT 247 
, IJPOINT 248 
IJP Q INT 2 49 
flJPOiNt 250“ 


17 

19 

“18- 

19 

19 


1 9688 
3.4351 


i 


6091 

0791 


21 

21 

23 

23 


3.1394 

-0.0252 

1 
2 


-3 2463 
-3 1615 


3 0366 
2 6120 

mh~ 

2.9290 
2 8659 

2.5806 

2.6773 


2348 ' 

7348 

m 

9306 
8060 

0 0893 
0.6116 


I — Hifi — t 


.38 7 2 

^9003 

-0.8204 

-0.4060 


H ^ 


2 . 2568 
2 3067 


-3 1615 
'3 1615 

Mm 

-3 0497 
-3 0497 

-2 9076 
-2 9076 

-2.7329 

-2.7329 


ORIGINAL PAGE IS 
OF POOR QUALITY 


27 

27 


2 4464 
2 . 2604 


1 .4966 
-1.0249 


0.6216 
1 1235 


29 

29 

-if- 

31 

31 




-2.7329 
-2.7329 
-2 5389 

2.5389 
2 5389 
* U 


-2.323 

0 2448 -2 3233 

f -2.3233 


2.3499 
2 3454 


1 9158 

2 1703 


1 1523 
0 5366 


-2.3233 

^2?0833 


-2 0833 
-2.0833 




1 4229 
1 6647 


-1.5998 
- 1 3463 


-1.8265 

-1.8265 


3r 

33 

35 




2 1376 
1 0501 


0 1199 
-1 7838 


-1 8265 
'1 5599 


35 

35 


:1I IH 


1 9777 

2 0621 




39 

39 


1 5886 
1.7532 


_39 1.8280 

41 lT737<r 


-0 6112 
-0 1804 

-0 9185 
-0 5418 


_.99 
-1 5599 
-1 5599 




- 1 2650 

- 1 2650 


m- 


IJPOINT 251 
IJPOINT 252 
IJPOINT 263 
IJPQINT 26 4 
IJPOINT 265 
IJPOINT 256 
IJPOINT 257 
‘ ->JU - 


KJPQTNt 95 8 
IJPOIMT 259 
IJPOINT 260 
IJPOINT 261 
■ ~>0?NT 262 


IJK 

IJPC 


iJPOlNT 263 
IJPOINT 264 
IJPOINT 265 


IJPOINT 271 
IJPOINT 272 
IJPOINT 273 
iiJEQlNI-_27A_ 
IJPOINT 275 
IJPOINT 276 
IJPOINT 277 
IJPOINT 278 


IJPOINT 279 
IJPOINT 280 
IJPOINT 281 


IJPOINT 283 
IJPOINT 284 
IJPOINT 285 
.lUPQlNI. 280, 
TjKiNT 287 
IJPOINT 288 
IJPOINT 289 
29Q 


JPOINT 291 
JPOINT 292 
IJPOINT 293 
~ JPQINT 294 


JPOINT 295 
JPOINT 296 
JPOINT 297 
298 


JPOINT 299 
JPOINT 300 
JPOINT 301 
JPQ TNT 30!? 
JPOINT 303 
JPOINT 304 
JPOINT 305 
■JPOINT 3Q6 
JPOINT 307 


-1 

-1 

-1 


-1 


41 

41 

-4i_ 


43 

43 

43 


43 

1 

3 


9 

11 

_ 13 _ 


0 . 9875 
1 2576 
1 3880 
-4^4432- 
0 6138 
0 8225 
1.0475 


-1 0655 
-0 7272 
-0.4290 
^0,1265, 
-1 0427 
-0 8874 
-0 6057 


- 1 . 2650 
- 1 2650 
- 1 2650 


-1 4950 


1 25S4 -6: 1055 M 
4 3363 3 9639 -3 
4 2327 3 6759 -3 

"4:^581 ^*8458 ^ 

3.9639 2.7056 -3 
3 9139 2 2829 -3 
3.87 75 J_. r712 -3 


-1 4950 
-1 4950 


4950 

3925 

3925 

3325 - 


IJPOINT 267 1 3 ! 1634 4 9506 -3 

-] 3 3 ^372 4 6461 -3 

IJPOINT 269 -1 5 3 1243 4 3271 -3 

jJPQINI 27Q -Ji 7 3-1208 3 9934 

-1 9 3 1273 36404 -3 

-1 11 3 1436 32632 -3 

-1 13 3 1250 28994 -3 

rl 15 3-0955 2.5050 __-3. 

-1 17 3 0571 2 0943 -3 

'1 19 2 9876 1 6955 -3 

-1 21 2 8970 1 2993 -3 

rJ 23 2.7938 ^8842 z2 . 


3925 

3925 

3718 

3S13 


25 

1 

3 

_ 5 _ 


3925 

3925 

3925 

3925_ 


7 

9 

11 

-13_ 


2 6781 
1 7734 
1 8276 
1 9017 


09 -2 

5 6010 -3 

5 2998 -3 


1 9852 

2 0800 
2 248 1 
2.4724- 


4 9869 


9 

11 

13 

-IS- 


0 2561 
0 3931 
0.5477 
■ Q. 71 QQ 


4 6632 
4 3251 
3 9340 
,3.^27- 




5 8694 
5.5923 
5 3090 
-5..Q182 


-3 

-3 

-3 

-ra. 

-3 

-3 

-3 


3925 

3718 

3512 

3096- 

2463 

1615 

0497 

9Q75_ 

7329 

3925 

3925 

2925 


3925 

3925 

3718 

2512- 


3925 

3925 

3925 


17 

19 

21 


-8842 4 7171 -3.3925 
1 0891 43982 -3.3718 
1.2752 40677 -3.3512 


25 

27 

29 

- 21 - 


1 5995 33427 -3.2463 

1 7394 29623 -3 1615 

1 8430 25854 -3.0497 

- i-fl329 2.2025 :^.9Q7S 


33 

35 

39 

-41- 


2 0410 
2 0713 
-2-0868, 


2 0969 
2.0680 
1.8350 


43 


- 4323 
0 . 0000 

0 0000 

— Mm 


1 8247 -2 7329 
1 4852 -2 5389 
1 1365 -2.3233 
■g.a0 2Q -2 0832. 


- 1 8265 
-1.5599 
-1 2650 


B-3 


*-1.495 




01 .,. 

IJPOINT 1002 
IJPOINT 1003 


5 3TU3 
4 5512 

2 5133 
3.7151 

3 4354 

4.7659 








*2 8492 
-2 8492 
















IJPOINT 

1068 

1 27 

3 4800 

0.3605 

-2.1285 

IJPOINT 

1069 

1 27 

3.2681 

1 2489 

-2.1285 


liPOINT 1072 

1 29 

3 2213 

-0 9417 

-1.9961 

IJPOINT 1073 

1 29 

3.3563 

-0.0759 

-1.9961 





JUIMJ 

ilT 

1161 _ 5 


IJPOINT 

IJPOINT 

IJPOINT 

152 5 

153 5 

1154 5 



156 

5 

3 

4 5895 

3.2605 

-2.7028 

157 

5 

3 

3 5937 

4 3336 

-2.7028 

158 

5 

3 

2.3444 

5.1184 

-2.7028 


















IJPCINT 1238 
IJPOINT 1239 
IJPOINT 1240 
UEQUa_l24J_ 
IJPOINT 1242 
IJPOINT 1243 
, IJPOINT 1244 
UliJPaiNT 124S- 
IJPOINT 1246 
IJPOINT 1247 
IJPOINT 1248 

lJPntNI_J24fl_ 
IJPOINT 125 <r 
IJPOINT 12B1 
IJPOINT 1252 


IJPOINT 1254 
IJPOINT 1255 
IJPOINT 1256 
IJPOINT 1257 
' ““NT 1258 
NT 1259 


IJPO 

IJPO. . 

IJPOINT 1260 
NT 1261 




JPO. 
IJPO I 
IJPOI 
- JPO " 
JPO, 
JPOINT 
IJPOINT 
IJEH' ' 
IJPO 


{Hf 


1262 

1263 

1264 

1265 


1266 

1267 

1268 


269 

T27(r 
NT 1271 
NT 1272 

H1L_ — 


9 

11 

13 

_ia_ 


2 3926 

4 5832 

-2 6570 

2 5307 

4 2604 

-2 6248 

2 6801 
9 OOQQ 

3 9231 

9 cno9 

-2 5834 

0 5120 

kl^aUiU 

5.8526 

— *2. 5311. 
-2 7190 

0 7025 

5.5858 

-2 7028 

0.9103 

5.3176 

-2 6822 

1 1112 

&.Q493 

-2 6570 

r3130 

4 . 7783 

-2 6248 


17 

19 

21 

_23_ 


25 

25 

25 


1 .5193 

1 7104 
1-8528 

2 0137 
2. 1601 
2 3366 

-2,4a~ 


4.5017 
4 2249 
-3.. 9959 


4801 

§355 


25 

25 

25 

,2S_ 


2 635L 

3 5436 
3 6596 
1 


3.7166 
3 4692 
3.1510 
2 8297 


•2 5834 
-2 5317 
•2 4830 


-2 4248 
-2 3625 
-2 2704 


!3f§ — ^1811 


25 

25 

25 

-25_ 


25 

27 

27 


3 2421 
2 8562 

2 5735 
-a-6229_ 

3 7497 
3 6096 
3.2234 

--2,7836 


2.4568 
0 9258 
0 1454 

1 . 7039 
2 . 2926 
2 6059 

* 7564 

0478 ^21^165 
1.0166 -2.0160 
1.9162 -2.0160 




-2 0160 
-2 0160 

-^118- 
-2.0160 
-2 0160 


2 4915 

3 6729 
3 7497 
3 RQQR 
3 2234 
2 7836 

2 4915 

3 5d3R 




-0 7564 
0 0478 
^.0166 


-1 9710 
-1.9710 


-1.9710 
-1 9710 
r1.97lQ 


IJPOI 

IJPO: 

IJPQ. 

IJPO 

IJPO 

IJPO 

-lUEQ 

IJPO- 

IJPOI 

IJPOI 


NT 127 
NT 1275 
NT 1278 
Kl-1277 


NT 1278 
NT 1279 
NT 1280 


IJPOINT 1 281 
IJPOINT 1282 
IJPOINT 1283 
IJPOINT 1284 
IJPQTNT 19BK 


IJPOINT 1286 
IJPOINT 1287 
IJPOINT 1288 
liiPQINI_12aa_ 
IJPOINT 1290^ 
IJPOINT 1291 
IJPOINT 1292 
IJPOINT 1293 
IJPOINT 1294 


27 

27 

-W 

27 

27 

_27_ 


27 

29 

29 

-2a_ 


29 

29 

29 

_2fl_ 


3 6596 
3.5725 
3 . 2420 
.2.8562 

2 5735 

3 1069 
3 3427 

_a-420Q_ 


29 

29 

29 

-^9_ 


3 2643 
3 0108 
2 7984 
-3.3282 


29 

29 

29 

-2B- 


29 


3 5077 
3 5068 
3 2668 
-2,9422^ 

2 7023 

3 4828 
3,6173 


1.9162 
2.5128 
2 8027 

0 . 8067 
1 .7039 
- 212926 
276059 
-1.4376 
“0.7388 
0 . jSiS, 
1 0315 
1 6294 
1 9719 
. 1988 


3 . 2508 


-0.4582 

0 4653 

1 3571 
-1,9642_ 

2 2829 
-1.0054 
-0 2362 
J1,3Q81 


-1.9710 
-1.9710 
-1.9710 
-1.9710 
-1 9710 
-1 8260 
-1 8260 
.-1.8260 
-1 8260 
- 1 8260 
-1 8260 
-1 82fir 


- 1 8260 
- 1 8260 
- 1 8260 
:ul.a26fl, 
- 1 826a 
- 1 8260 
-1 8260 


B-6 


1 .6041 
















ll^OLIO ilo 235 1 io 0 PReI P HUB 
IJSOLID 53B 240 1 SO 0 PRES Q HUB 


112 
IJGRID 1 

3T93BS 332 247 310 242T157B-5 3:88 242:217 63 

























IJSOLIO 214 1065 1 SO 0 PRES L VANE 
IJSOLID 219 1070 1 SO 0 PRES M VANE 
IJSOLIO 224 1075 1 SO 0 PRES N VANE 

















sbanq- 

START -1 
REGPS 


OF POOR QUALITY 


STOP 

SSETUP 

START 500000 

m — 

SMATL 

START 500000 

‘ I8738B.088 T mm 

MATL 

STOP 


MASS 1 # CONVENTIONAL LUMPED MASS MATRIX FOR BODY FORCES 
STOP 


0 READ INPUT FILE • INPUTPVSR.DAT 

.pjR ^ 

SET SYNTAX ON 

0 

pEA 

I ;330 FORMAT '(2F 10 0) 

^331 F0RMATM1X.'R(n,P(I) INPUT ECH0\2E14 7) 
200 ^ ^ ' 




STORE 1 

0 

I T^, f QLLQW IN Q . CQOINQ. . 

0 LOORUP with LINEAR m 

0 IS THE DEPENDENT VARIABLE THEREFORE GIVEN RO FIND PO. 

0 RDC JUL 1988. 

1 OEPIWE'NdOE SET 3*EoR RUB NODES FOR DISTRIBUTED LOAD 7-id-88 

4 DEFINE NODE SET 4 FOR SHRD NODES FOR DISTRIBUTED LOAD 7-29-88 



FETCH/MERGE 1 
LET &IIs2 
DO :1 ai=2,&M 

LEt,&RI«AR1AL1 - ARQ- 

IF 5RI ; K ;2. 

3 LET 4IIs%t 
GOTO 4 

. ^ 

.4 LET &Ks&IFi 

LET 8.A»&R(&II) - &R0 
LET &B»SP &K) - &P(&II) 

..„L£i ac^srUii) - &RTaK ) 

LET S.PQ»&PTail) + 8.A*&B/aC 
GOTO ^5 ^ ^ 

;2 LET &POs&P(&I) 

:5 RETURN 
END 

0 

0 SET NSETI * 0 OF NODES ON THE INNER(MUB) SURFACE 
t^,NS£T(Lj 0 OF NQQER ON THE QUTErIsHRD) SURFACE 

0 DO THE INNER(HUB) SURFACE - DETERMINE HOW MANY NODES ON SURFACE 

. - LET &NSE T1.Q 

DO ;50 &I«l"lOOO 

I LET &NX*%lCFL(NLST.NV,0,3,ai) 

' IF &NX ;60 -60 -70 

JQ LET 3lNEET1 f iNSitltl 

.50 NOP^ 

,60 NOP 

1 0 

U. R£Aa.T>L.IHE C OORDINATES FOR EACH NODE ON THE INNER(HUB) SURFACE 
0 ;658 FORMATM1X/RO,PO FOR THE INNER SURFACE 2E 14 7) 


LET &LFX»%LFM(alFX: 1 ) 0 LOCK THE FILE 

LET &MNP*%IPPM) 0 OBTAIN NO. OF NODAL POINTS 

%NFL P.NV.0.1.&NNP,1,1.2.0) 0 GENERATE A NEW FILE 


LET &LFPX*%LFM(&IFPX, 


'0 LOCK'FILE IN BLANK COMMON 


DO -100 &J-1 &NSETI 

LE T ax « xfbc 2 T&lfx^ ; 1 : ‘&Nxy 
LET aY»%FBC2(aLFX,3,2,aNX) 
LET aARG»ax*ax+aYial + .001 


0 *** CALL TABLE LOOKUP WITH LINEAR INTERPOLATION 
C ALL INTP aM aRQ aPQ , _ . 

LET aiDUM»%BCiTaLFPx^a^^^ 0 storI p6 oM Ml8«P.nv,0,i 

0 WRITE 6. :658 aR6,ap6 ‘ * 

0 IN LOAD USE PSURF/NQP*n 1 4 ELEM«amspec 

# T** WRITE BACK TO THl OA^A BASE THE PRESSURE AT EACH NODE SNX 




' 100 NOP 

LET alDUM«%RFM(&IFPX,1,1,aLFPX) 0 RELEASE F ILE«P .NV.O , 1 



# ’ 2EM .7) 

’ READ 25^1200 &M 

DO 1364 &I-rSM ^ ^ ^ 

. 

:304 MOP 
STORE 1 

? M^TBrBDTERrsmDT^SUa'Rf ~^TEimfjr^ m 

0 

LET &NSET0-0 




rdiAM ^il ‘1 ' ri UCrSJ -ItS d*U i ! I ilil i :1:K.SIj J1 


LET &!FPX«%NFL(P.NV,0.2,&NNP. 1,1,2.0) 0 GENERATE A NEW FILE 


DO ;1055 &J>r&NSETO 

LET &NX-ilCFL(NLST.NV,0,4,&J) 


1 1 



0 from oioment sets 

1 QPjpp|pg^AMn”TMP^miT^ SSUR 
PSURF /NQP« 1*^ . ^*1^4 ^NAmI PRES A HUB 
PSURF/NQP-1 0.14 NAME PRES B HUB 
PSURF/NQP*1 0.14 NAME PRES C HUB 


PSURF/NQP«1 0. 1 4 NAME PRES E HUB 
PSURF/NQP«1 0. 1 4 NAME PRES F HUB 
PSURF/NQP-1 0.14 NAME PRES Q HUB 


LOAD ON THE INNER (HUB) 




PSURF/NQP*1 
PSURF/NQP*1 0. 
PSURF/NQP-1 0. 


rPSURF/NQP*1 
PSURF/NQP*1 0. 


r^HiT *T jayr a ) *nrs 


PSURF/NQP*2 0. 
PSURF/NQP*2 0. 
PSURF/NQP»2 0. 


PSURF/NQP«2 
PSURF/NQP=2 0. 
PSURF/NQP»2 0. 


1 4 NAME PRES M HUB 
1 4 NAME PRES N HUB 
1 4 NAME PRES 0 HUB 


1 4 NAME PRES Q HUB 
1 4 NAME PRES R HUB 


1 1 NAME PRES B SHRD 
1 1 NAME PRES C SHRD 
1 1 NAME PRES D SHRD 
1 1 NAME PRES E SHRD 
1 1 NAME PRES F SHRD 
1 1 NAME PRES G SHRD 
1 1 NAME PRES H SHRD 
E_ ‘ “ 

E 
E 
E 
E- 
E 
E 
E 









LCASE 3 

H APPLY 6000 PS I NORMAL TO TOP SURFACE OF SHRO 

P^fty®E88fl ^s1 MSSSaC**?? idf?§9 SURPACE 6F HtW" -7-59-48 
PSURF -5000, 1 1 NAME PRES S HUB 
# APPLY 4500 PSI TO FINGERS 9-12-88 



ICASE 4 


SURF 10911 70 2 4 NAME TORQ IPUT 


-LBS TOTAL 



1 3 NAME PRES C VA.,_ 

PSURF -240.13 1 3 NAME PRES D VANE 

PSURF -240 12 1 3 NAME PRES E VANE 



PSURF -240 12 1 3 NAME PRES L VANE 
PSURF -240,12 1 3 NAME PRES M VANE 



BCD0UT\UNF0*VAX\MRS»8000 7C0N RM.O 
BCOOUT\UNFO«VAX\MRS»80OO 7 PCT HEO.? 

^ aC3QUT\UNFQ»tfAX\MBS:igQQQ 8 S EIP ? 7 
^^T^WF0»VAX\iSs»8oH 8 O.SV ? ? 
0COOUT\UNFO«VAX\MRS»8OOO 8 R.SRV ? ? 
0COOUT\UNFO«VAX\MR$=8OOO 8 UL.SV 0 7 


BCOOUT\UNFO»VAX\MRS«8000 7 NSET ... 
BCD0UT\UNF0«VAX\MRS«8OO0 7 SYS CRM 


BC00UT\UNF0»VAX\MRS«8000 8 EF SEV 7 7 
BCD0UT\UNF0*VAX\MRS*8000 8 UL.NV 0 7 
;BCD0UT\UNF0«VAX\HRS>8000 8 UAO.NV 0 7 
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Appendix C 

HPFTP THIRD STAGE IMPELLER 
TRANSIENT RESPONSE LOADING 


LOCKHEED- HUNTSVILLE ENGINEERING CENTER 



APPENDIX C - HPFTP 3RD STAGE IMPELLER TRANSIENT RESPONSE LOADING. 


SPATIAL LOADING 

The loading for the vibration response analysis consists of two 
types. The inlet side of the impeller passes 15 inlet vanes per 
revolution and the outlet side of the impeller passes 13 diffuser vanes 
per revolution. These vanes induce a pressure pulse form to the 
impeller. The pressure pulses to the impeller were assumed to be of the 
same magnitude for all inlet vane positions. The 13 diffuser vane 
pressure pulses were also assumed to be of the same magnitude (i .e. 
independent of position). Modal damping of .001 (Q = 50.) was used for 
all modes including the Modal Truncation modes. 

The spatial loading for each impeller vane was transformed to 
symmetrical components for the cyclic symmetry analysis. The shape of 
the pressure pulse was left indeterminate for the transformation to 
cyclic symmetry components. Rather a factor of 1.0 is assumed for the 
symmetry transformation of the pressure pulse shape. 


The transformation to symmetrical components is given by: 


0 

6 

(n) 


T = 1/6 

SUM [ 
nsl 

F ] 

Symmetr i c-Symmetr i c 

kc 

6 

(n) 


CN 

II 

SUM [ 
n=l 

F cos(n-l)ka ] 

Degenerates - Cosine k=l,2 

ks 

6 

(n) 


T = 2/6 

SUM [ 
n=l 

F sin(n-l)ka ] 

Degenerates - Sine k=l,2 

3 

6 

(n) 


T = 1/6 

SUM [ 
n=l 

(-l)**(n-l) * F ] 

Anti symmetr i c-Ant i symmetr i c 


where a = 360/6 = 60 degrees for the impeller, (n) is the nth physical 
segment, k is an integer (1 or 2 for this case), c and s superscripts 
stand for cosine and sine terms. 

All loadings are referenced to an arbitrary vane (in segment 1) of 
the impeller which aligns with an inlet (diffuser) vane at time 0 . The 
time domain representation is presented in terms of degrees; The 
conversion to time is wf * t = 360 degrees where wf is the driving 
frequency (spin speed of the impeller) in radians per second. For the 
analysis, the spin speed is 37,342 rpm. 
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A) Inlet Loading 

The inlet loading is sketched in Figure 1. From the figure it is 
observed that the impeller vane in segments 1, 3 and 5 experience 
identical pulses simultaneously. Likewise the impeller vane in segments 
2, 4 and 6 experience the same loading in time. 

The transformation of the spatial loading of vanes 1, 3 and 5 to 
symmetrical components (load case A) is: 

0 

Fa = 0.5 

3 

Fa = 0.5 

kc ks 

Fa = F7i = 0.0 

with application times of 0, 24, 48, 72, ... degrees. 


The transformation of the spatial loading of vanes 2, 4, 6 to 

symmetrical components (load case B) is 

0 

FB = 0.5 
3 

FB = -0.5 
kc ks 

FB = FB - 0.0 

with application times of 12, 36, 60, 84, ... degrees. 

Adding the symmetric-symmetric components yields a loading of; 

0 

T = 0.5 at times of 0, 12, 24, 36, 48, 60, ... degrees. 

Adding the antisymmetric-antisymmetric components yields a loading of: 

3 

T = 0.5 at times of 0, 24, 48, ... degrees. 

= -0.5 at times of 12, 36, 60, ... degrees. 


These loadings are shown in Figure 2. These are the factors for 
the cyclic symmetry models loadings to apply to the pressure pulse shape 
that is induced on the inlet side of the impeller due to the inlet 
vanes. For the inlet side there are no loads in the degenerate cyclic 
symmetry mode Is. 
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B) Diffuser Vane Loading 

The diffuser loading for the main vanes is sketched in Figure 3. 
From the figure it is observed that each vane is pulsed at a different 
time. Consequently each of the impeller vanes spatial loads are 
transformed to symmetrical components individually. The cyclic symmetry 
component factors for each individual vane loading are given in Table 1. 
The loadings in each cyclic symmetry model are given in Figure 4 and 5 
for a time duration of 1/13 revolution of the impeller. The loading 
then repeats. 

The 1st partial and 2nd partial vanes will have cyclic symmetry 
component factors the same as the full impeller vanes but will be 
different in the time of occurrence of the pulses. It may be obvious 
(but nonetheless is mentioned for completeness) that the pressures occur 
at different spatial positions (i.e the partial vane pressures occur on 
the finite elements associated with the partial vanes). The difference 
in time portion of the loadings is a phase angle. Let T be equal to the 
time at which to interpolate the time loadings of Figure 4 and 5 (which 
are in terms of t) . Then the interpolation for partial and second 
partial vanes is: 

Partial Vane (phased ahead 30 degrees) 

T = t + 30 degrees 

= t + 30 degrees - n * (360/13) degrees 

Second Partial at 15 degrees from full vane — 

T = t + 15 degrees 

= t ♦ 15 degrees - n * (360/13) degrees 

Second Partial at 45 degrees from full vane — 

T = t ♦ 45 degrees 

= t ♦ 45 degrees - n * (360/13) degrees 


r ■ ^ 
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IJPOINT 1010 
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IJPOINT 1014 
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IJPOINT 1019 
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IJPOINT 1026 
IJPOINT 1027 
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IJPOINT 1030 
IJPOINT 1031 
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IJPOINT 1034 
IJPOINT 1036 

IJPOINT 1038 
IJPOINT 1039 
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IJPOINT 1042 
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IJPOINT 1046 
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IJPOINT 1163 
IJPOINT 1164 
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IJPOINT 1176 5 
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IJPOINT 1183 
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IJPOINT 1187 
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IJPOINT 1191 
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IJPOINT 119S 
IJPOINT 1196 
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IJPOINT 1199 
IJPOINT 1200 



IJPOINT 1203 
IJPOINT 1204 
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IJPOINT 1207 
IJPOINT 1208 
IJPOINT 1209 
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IJPOINT 1211 
IJPOINT 1212 
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-2 6670 
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IJSQLIQ 465 160 1 

LUW HUB 
LOW HUB 
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i tM§ 
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B MUB 
C HUB 
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0 HUB 
E HUB 
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0 1 
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L HUB 
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I^^LID .. 1 540 1 lo Q PPpI c _ 
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LTIME 
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4LC0 4T1 
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10 
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LTIME 

1 
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LTIME 
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LET 
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ACTUAL PRESSURE ON COSINE 
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SlTS 


SINE 

TIME INCREMENT FOR LOOPS 
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^ — m : I f! : k W i : 
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i 
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F 

-A- 
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LET 
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6WTINUE 

4LC26 4 TV 
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4LCI « 41C 
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IJPOINT 78 
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IJPOINT 8^ 
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IJPOINT 97 
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IJPOINT 101 
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IJPOINT 109 
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IJPOINT 113 
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IJPOl 

IJPO 
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IJPO 

IJPO 

NT 246 1 39 1 54l4 -1 3468 
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IJPO 
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[NT 260 -1 1 4 3363 3 9639 

Ml- - W ^ 3 4 2327 .3 67KQ 
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3 3926 
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IJTO 

IJPO 

IJPQi 
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3 3926 
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IJPO 
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[MI 368 iJ £ 3 i?f» A 
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IJPO] 
. liPQ] 

[NT 275 -1 7 3 1208 3 9934 
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IJPOl 

IJPO 

■ ligo, 

[NT 27i -1 23 2 7938 0 8842 

[NT 279 -1 25 2.6781 04009 
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1 

I jMI 
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[NT 312 1 36 2 0173 -0.1766 - 1 266C 
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: 
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i 

iM 

IJPO] 
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IJPQ] 
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5900 - 3 665C 
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^ 
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— 

1 
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, 

... . . ; 
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IJPOINT 608 1 37 
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IJPOINT 1003 1 1 3 4354 4 7659 
IJPOINT 1004 1 1 2 083Q 6 4930 
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JPOINT 108 I 1 1 05921 5.8451 
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im --- - - -- 
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IJPOINT 1019 1 7 2.7261 4 4415 

Il^QINT 1020 1 7 1 5 lltf 

2 8^ 

IJ^INT 1821 1 9 4 nB 1 4832 
IJPOINT 1Q22 1 9 4 5064 2.1484 
IJPOINT 1023 1 9 3 7947 3 4072 
:^:.NT iQ2| ^ 9 ^ g?76 ^ 

2 7627 
2 7787 

2 76|7 

IJPOINT ^52? 1 9 1 111? 4 8411 
IJPOINT 1026 1 11 4 7638 1 1796 
IJPOINT 1027 1 11 44072 1|330 
IJpQ NT 1028 1 _ 51 3 818R 30828 

2 7 W 

2 7484 

2 7217 

2 7484 

liFOINT 182 S 1 11 2 90W 3.7910 
IJPOINT 1030 1 11 1 7655 4.5791 
IJPOINT 1031 1 13 4 6340 0 8811 
^INT 1032 1 13 4 2742 1 M33 

5 7571 

2 7484 

2 Mg i 

jWint 1833 1 13 3 8 I 24 2 3l5i 

IJPO NT 1034 1 13 2 9099 3 5882 
IJPOINT 1035 1 13 1 9438 4 2979 
IJPQINT 1036 1 15 4 6141 0 6312 

ill ' 

2 M72 

IJPOINT 1837 1 16 4 227^ 1 4140 
IJPOINT 1038 1 15 3 8338 2 4652 
IJPOINT 1039 1 15 2 9643 3 3384 
IJPOINT 1040 1 15 2 0879 4.0616 

2 3371 

2 6672 
2 6371 

9 M79 ! 

IJ^OINT 1841 1 17 4 S 33 ! MM 
IJPOINT 1042 1 17 4 1686 1 2204 
IJPOINT 1043 1 17 3 8220 2 0639 
IjpQlNT 1Q44 1 17 3 0000 3.1412 

175997 

25997 1 

3 5967 

2 6907 j 

IJPOIN+ l8II 1 ll 2.2rfo 3 MM 
IJPOINT 1046 1 19 4 1619 0 0034 
IJPOINT 1047 1 19 4 0646 0 8947 
IJPQ INT 10^ 1 19 3 7 QK 4 t-7077 

*>-35 1 

IJPOINT 1849 1 19 3 0727 2 8071 

1 5381 
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* IMP02 CRY , 1 “ Oiroctory SAM_DISK [FONtS SSME tMP OUT] ^ ^f>N0V-B8 d6 48 ^g« 12 




































IMW5 CftY;i 

IJSOLIO 536 240 1 
24Q §08 1 


HESH 3 

MERGE MESH 3 4 

— 


Dtr^stopy SAM.BtSK {POHIS SSW IMP flUTJ 

§ S | I 8 !^* 

OPffK 


SLIMES 4T34B5 188T1586-5 4 
IJQPID 1 

126T132 28672809-1 126 

IJSOLID 0 0 1 

IJSOLIO 1 485 1 SO 0 PRES S HUB 

tUfoE^MESH 5 — 

#MESH 7 
MSrS 1 

Ibi tl H 333 2 48 3 11 2 43T1MB-S 2 g 6T?8QB-1 1?fi 

IJGRIO 1 

SL;NE$ 5T96B5 334 249 312 244T159B>5 5 90 244 

^40 MS 


IJMAME 155 240 
IJSOLID 0 0 1 


LOW ^ue 

LOW HUB 


mm j|§ l§ 8 ! 18 8 gg| | 

IJSOLID 468 170 1 $0 0 PRES 
IJSOLID 470 175 1 $00 PRES 


mm lig 1 1 8 8 


IJSOLID 486 190 
IJSOLID 490 196 


mm 18^ m 


1 so 0 PRES 
1 SO 0 PRES 

mm i 5 


C HUB 
D HUB 
E HUB 

F WB 
Q HUB 
H HUB 


IJSOLID 506 210 1 SO 0 PRES 
IJSOLID 510 215 1 SO 0 PRES 

« H B I S i8 I i 8 8 BU 

IJSOLID 526 230 1 SO 0 PRES 
I^SQLip 530 235 1 SO 0 PRES 


HB138 1 1 8 8 gill 8!tii 



< HUB 
L HUB 

-m- 

BSII 


1 540 1 SO 0 PRES S HUB 


MSVS 1 

lli»TD 244T159B-5 5 90 244 

SffliS j35T15i 33S 306 3i3 304T28 7 B-1 i35 iSO 304 

IJSOLID 0 0 1 

im 0 j j*ii^e^w8 w 


U S HUB 


• IMP02 CRY; 1 
MESH 3 

JiEfiGE^JIESH 7 

^fMouo 

#MESH 9 
MSYS 1 

IJQRIO 1 


Directory SAM.^tSK[^6N6,SSM4 fMP.OUt] 


22-M0V-88 06 48 Pta9« 


iQOITlQgfiaS 




M 4< mg, 19 




IJSOLID 1001 1406 1 SO 0 PRES 

me 18?^ «uj|8 8g6 i | 

tJSOLIO 1016 1421 1 SO 0 PRES 0 

IJSOLID 1021 1426 1 SO 0 PRES E 

IM I8 § ^ i 1 8 8 g8U I 

!®f8 ;§2? 1 18 8 ?S|| ? 

i ! jl8 b{ B \m ] 1 8 8 ml 

IJSOLID 1056 1461 1 SO 0 PRES 
IJSOLID 1061 1466 1 SO 0 KES 

18^ ll?l 1 18 8 mi 

IlilShlg !82? ;j|^ ; 18 § ?gli S gfg 

WjB 128 ^ m ! S 8 8 ml I ml 

MERGE MESH 9 10 


Directory SaOw [PflWfl 5§WE IMP flUT] 



SLIMES 1212T1 1520-5 1003T10638B 1212 
|LI g £^ 122 2 T1 2 3 4 11?1T llQflB-l 1229 
IJSOLID 0 0 1 

IJSOLID 1401 1234 1 SO 0 PRES S SHRD 

MERGE MESH ii 
ii'MESH 13 
MSYS 1 

^ ti iP nl8Fi8 8§ ^I88 g ^ " -" 

IJQRIO 1 

p['t!|1Pio«o',o2S®I,12!*®‘® '2'3T11S3B-5 1004T10S9B6 1034 1183 


1 23 4T1222 H -1 11081112161 1068T10««II 6 1334 im 


HIGH SHRD 


RulTTi 

IJNAME 1001 1091 
IJSOLID 0 0 1 

{jl81 : {B !88l 11?? 1 18 8 mi 
W :g:^ i |g 8 ?gii § pg 
4 miB m \w ! 1 8 I M 
igigtig ;gg^ ; 18 8 ^ii s lisg 

- m g 183^ ) S 8 8 88 1 1 Sis - 

Igighfg 181^ ; 18 8 8811 t |{Sg 

- »fB 188^ \m ] 1 8 8 88 l f S i§ 


* IMP02 CRY,i Directory SAM_DISK [FQNQ SSME ZM^ buT] 

jJSOLID 1071 1476 1 $0 0 PRES 0 SHRD 

IJSOLID 1086 1491 1 SO 0 PRES R SHRD 

IJSOLID 1401 1210 1 SO 0 PReI S SHRD 

' MERGE ^MESH 11 12 — 

<YMESH 14 
MSYS 1 

U63TnS3R-5 1Q04TiQf^ng 

slimes 1122T1128 1241T123SB-1 1122 

;JSQL :D 5 0 1 

iEsS^: ‘ ^ ° S SHftO 

MERGE MESH 13 




22-N0V-88 06 48 l^ge 20 


;ys 1 


IlImII 1?28 1213T1 1886-5 1241T12368-1 1122T1128 1038T10900E 

1083 1QPQ mot 


PLIME . 

I jgrIo . 

PUME^1090®m88’i0«®®‘® '214T11B48-5 1006T10906E 

?jmmI lOOl i06i 
IJSOLID 0 0 1 


"HIGH SHRD 


IJSOLID 1001 1406 1 SO 0 PRES A 

i8!8^!8 18?? { 1 8 8 88 

i8l8l:l8 18^? ; 18 8 Sll ? 

«i8 18^ 1 1 8 8 a 

\& 1 18 8 Kli V 


I8g^ { { 1 } 1 8 8 ml 

IJSOLID 1056 1461 1 SO 0 MES 

HISl-JS ISfi 3i§? ! 19 9 P?ii 


^| 8 ; 18 8 m 


IJSOLID 1076 1481 1 SO 0 MES 
IJSOLID 1081 1486 1 SO 0 ^11 

MESH^I ^ ® 

MERGE MESH 13 14 






IlImPioSo^iIoo’ToK*®'® ’21*T11B4B-S 1006T1090B6 
IJQRIO 1 . 

SUNES 11 


4* 1362112606-6 1264T12428-1 1l40Tl14‘?‘ 


D-41 



ig 


IJSOLIO 1401 1210 1 SO 0 PRES S SHRO 
KNAM£ 0033 SIDE TWO TOP 





4MESH 1 
HSYS 1 

SLINES 1004T1034BS 18gTlS8B-5 1004 

-mt iv5TrTT58~2WT210B 1 li25 

RULE 3 1 
REFINE 0020 
IJSQL ID 0 0 1 



IJSOLID 234 1086 1 SO 0 PRES P 
I^LIO 239 1090 1 SO 0 PRES Q VANA 


4HUB CEN 
#M£SH 21 

SLINES 314T329 314 317 322 323 328 317 


11 








• IMP02 CRY; 1 


MSET 

J4SLI. 

M?tT 

MSET 

MSET 

MSET 


Directory UM_0I§K [FflMG SWt I HP OUT] 

12 COPY MAME PRES A VANB 

i§ 

13 INSE MAME PRES B VANC 

14 COPY MAME PRES 

14 IMSE fflME PR ES 


0« 4fi rh9« 23 


A VAMO 

B tf AND 


MUST 1 INSERT MAME SIDE ONE 
NLIST 2 INSERT MAME SIDE TWO 

iS^raU^^lDEMTIJAL TWOEI' 

DITTO MESH ’TJi 

INSERT INTO MSET 21-24 FOR SINE LOADING 

m « 

MSET 21 DELE MSET 11 

22 COPY l^M| PRES A VANS 




Ml 
MSET 
MSET 

m- 

MSET 

MSET 


23 COPY MAME PRES A y/ANC 

23 INSE NAME PRES B VANC 

a A i/AMD 

24 INSE NAME PRES B VAND 

24 DELE MSET 14 

— "_CM 


SIIt 4 C^Y NA^ SIdI two 
MSET 4 DELE MESH 1T21 

m 3 m i — 

^BOUNDARY CONDITIONS 
SET SYNTAX ON 



IMP52 CRY; 


“&rr#ctory SAM.OISK [FQWsSME IMP 6uT] 


let SNA > %IBC1(&tRN4.&I) 


22-NOV-88 06 4B Ptog# 24 



LET ilRM3 ■ %RFM(ilFN3.1 0 4IRN3 
LET SIRM2 • %RFMiaiFN2,1 0;&IRN2 
LET iIRMI ■ %RFMU{FNljl 0 4IRN1 


NS|I.1P^DELET|_NAME^S10E TWO 


iMfcr 


MLIST lO'lMSERT 


0 IQ) 


LET 41RN1 • ^QSfilPNI 11 
00 ,30 il»1 2000 1 
LET SN1 ■ filBCl(&IRN1 ,41) 
IF.AN1 40 4(T 1 


LET 4X * JxHiT&NI 1) 
LET &Y ■ )tXN(4M1 2) 
LET iXY « &X / 4V 

..2 AN1 &N 1 1 2 




C1 -1 M tXY 0 1 QEtt 


31 -- 

Let mMi « i^rfm^sifni i o 4 irnd 
-^T .SYNTAX QFF 




DOFLOO 


FINISH 



,-TU^ 

START 500000 
SETUP 


STOP 

SMATL 


START 500000 
MATI“ 

_Q£ * 

MA 


STOP 

SMASS 


U?8 ^ IK 35 # UMCNOWN MATERIAL 
J |(S ItY 1 _QQ04.lifi # QEMsTty TM ftlOATl 


S LR/M5 088 « SMATIC 


D-43 


START 6Q0Q0Q 

MAis 0 4 LUMP MASS NfiEOEO P6ft 666v !n l6AD 



0 < r«c€ory ■SXffJSTSrrr 6H3 ‘ 55ME !MP 6UT J- 


22<iW-sror~i« i%9« 


. iMwa iffvrr 

STOP 


START 

SOOOOO 

SYNTAX ON 


A 


INPUT VARTAiLES 

A 

LET 
l ET 

ARPM • 37342 

%UAMF « 13 

A FREQUENCY IN RPM 

1 riiiHFn ftp v/ames ^ 

il+ — 

LET 

LET 

Alta * 

ARATI > 3 
APRES • -24 

{ WBIIS 8p IIBrInts ^ 

A RATIO GH UNLOAD TIME TO LOAD TIME 
A PRESSURE ON VANES (PSiT 



m I MS i iam« imin =i = ij ift m 


0 1^7 S MAX AMPLITOOC 
P 33333 S MAX AMPLITUK 


\ atii mm mm 


FULL VANE 
FULL VANE 

mm 


3ATA 

DATA Ibi(4 
DATA AB1(5 
3ATA AB1C61 


0 16667 S MAX AMPLITUDE SEGMENT "6** 

8 i s s i i m mi M i g a ai = i= 

0 16667 $ MAX AMPLITUDE SEGMENT "S" 
0 16667 S MAX AMPLITUDE SEGMENT "2" 
Q 33333 S MA X AMPLITUDE SEGMENT "T 


(1ST PARTIAL VANE 

IfiijiHiiii 


(iSt PARTIAL VANE 
1ST PARTIAL VANI 



1ST PARTIAL VANE 


2ND PARTIAL VANE > A) 
* “ PARTIAL VANE - A) 




2ND PARTIAL VANE 
2ND PARTIAL VANE 


JiTr 


DATA 

DATA 

m- 

OATA 
S 


&Di(ij -0 ieSB7 I MA)< AMPLITUK SESMEMT ‘•3'' (»g PA|T 

^\^\ -I ^1^32 \ si5 fiai a Ig El : 

&01(6) 0 33333 S MAX AMPLITUDE SEGMENT *•4" (2ND PART 


AL VANE - B) 
AL VANE - B 
AL VANE - B 


AL VANE - B) 

It VANE - SI 


AL VANE - B) 


A SINE MODE 

daTa aI5i 

DATA AA2 

DATA AA2 

1 

( 

0 00000 A MAk AMPLITUDE S 
•0 28868 A MAX AMPLITUDE S 
0 28868 A MAX AMPLITUDE S 
n Aooon i luv lypi ttudf a 

ISHENT”"Tn 
EGMENT ’*6" 
EGMENT "5" 
:pnMFMT 1 

PULL VAVJC 
FULL VANE 
FULL VANE 
FULL vane: 

. 

DATA Ia2(6 

-O' 28m A CB9 amplitude I 

) 0 28868 A MAX AMPLITUDE S 

IWENT "3" 1 

;EGMENT "2" 1 

Pott OIRI 

[FULL VANE. 



mn\ -siiigg \ ai!i mm ii g gim m l i n i i 



Directory $AM_DISK [FONG SSME IMP OUT] 


mm 


mm 


AL VANE 

II vanE 


- * A] 
AL VANE - A 
AL VANE • A) 


M 8 Kif 


2ND PARTIAL VANE - B) 

S B I M liffi 


^ partial VA^ 


^ PARttAiL van! ‘ I) 
om PARTIAL VANE - ftJ 


A 

1 CT ACDCn ■ «.BDy / 


A FBEOUENCY IN 

H2 

LET AT ■ 1 / aPrEO 

let ATV ■ at / AVANE 

LET ATS « ATV / ASEGM 

rPDT 

A per] 
A PERI 

1 

itt 
FOR ON 
FOR ON 

1 VANE 

E SEGMENT BETWEEN VANES 


\AJ 

LET 

LET 

LET 
LET 


&T0F1 • ATS 
4T0F2 ■ ATS 
AT0F3 ■ ATS 


^5 

0 60 
0 7B 
0 26 


22-NOV>88 ^ 4i 


0 00000 A MAX AMPLITUDE 1 

.n OfiQAO C MAV 4yp| TTIAE i 

SEGMENT “A" (1ST PARTIAL VANE) 
CPmtfMT ( 1ST PARTIAL. VAi^ 

1 

[ ^ — — 

3 28868 { MAX AMPLilm ! 
0 00000 A MAX AMPLITUDE 

lESgHt ii 

SEGMENT "1" (1! 

if Partial vane 

ST PARTIAL VANE) 

! 

► 


ATB « ATS / ARATI 
ATA ■ ATB / 2, 

&MSFQ . tlFlX(ASEQii) 


S LOADING A UNLOADING T|ME 
S LOADING TIME 


STORE 


LET 


lcasE 

p 
A 

A 


1 

ALQ 




ALCO 
0 3 NODE-1 


S SAVE TIME VARIABLES FOR SOLVE PROCESSOR 
% irUQ CASE 2ERn (26) ■ 7FR0 t PADS 


1 ANSEQ . 1 


lTCasS T 

DO ^10 A1 

lcaSe ai 

! :ll 


FUU VANE 
LOOP 


THROUGH NUMBER OF SEGMENTS 


t AA 


PSURF 




AA 

API 1 3 MSIT 11 
AP2 1 3 MSET 21 
AI > 1 




S 

LET 




i COSINE 

iSi - 


INC • XFLOA(AN) « AtS 


TMTJiFMEMT F flP 1 OOPS 


D-44 


ALCI • AI 

in : siyi >Tt>c - 


I MM? CRV ; 1 

LET 4T3 « SiTB 



IJT?icT6ry SAM_0I5k [PONG S§mE IMP 6UT] 
&TOF1 - iTINC 


^-l)lbV>88 06 48 Plage 27 




ILCO Ml 
iLCI M2 


% FINAL LOAD > 0 


2 

&LCO 0 


let mc - itJflS - 


1ST PARTIAL VANE 
INITIAL LOAD » 0 


LCASE 

LET 


ilC 

iP1 


SI ■ 


PSUPF 1P2 1 I^MSET 22^^^^^ 
let 


ACTUAL PRESSURE ON COSINE 
PRESSURE Si SINE 


&N « il - 1 
■MJTNC « I^LDAL&N) * &TS 


SINE 

TIME INCREMENT FOR LOOPS 


LET 

LET 


&LCI * MC 
iTl • ST0F2 ♦ &TINC 

“lF • ilS + jl8?^ > 

s 

LiiMt ^ 


LTIME 
S 


s 

s 


iLCI M2 
SLCO ST3 


o“i 2^r 


-A. 


<---TINC > 


=n= 


ME sTcO STV 


TINAL LOAD » 0. 

2ND PARTIAL VANE (A) 


LET 

LCASE 


SLC26 

SLC26 


26 


S FIRST AND LAST LOAD CASES FOR LTCASE 3 


iH — mim: ^ I 

LET iTS12 » iTS 12 $ 
PSURF SPl 1 3 MSET 13 $ 
|SURF SP2 1 3 MSET 23 L 


— i ijfflft s pii aa iiai ' * 

TIME AT end OF INITIAL LOAD CASE 
COSINE 

JSINE 


LTIME 

LTIME 


1LC26 0 
SLCO STS12 


iN?Cfi 1 — 
2 « iNSEG 


il 


5b ,30 II « T 
LET ilC 
LCASE SIC 


INITIAL LOAD 

LOOP THROUQN'lJUMfieR OP SEdMEMTS 


\ mm i 8a § ? aj ' 


AIE- 


• IMPD2 CRy;1 

PSURF SPl 1 3 MSET 13 

P|L|Rf tf2 1, 3 M SET 23 


OTrectory SAM_OISK [FONQ SSME IMP OUT] 


22-N0V-88 ^ 48 F%g« 28 


LET 

% 

..LET 

LET 

LET 

LET 


SN « 41 - 1 
ST INC « %FLOA(iN) • MS 


jStSi" 

I TIME IN 


INCPNEnT LOOPS 


^ 


4^^^- sfo?3 * STINC 
ST2 « 4TA -- ST0F3 ♦ iTINC 
ST3 « 4TB * ST0F3 * iTINC 


iLCC 4Ti 

lTIME 4LCI ST2 

-t£— I iia.tMv 

rfiME sLcO ah 

^30 NOP 

OQID ^^12 

^31 Continue 

LTIME 4LC26 STV 

^32 CONTINUE 

S 

lTCASE 4 

TIME ^CO 0 

il • ^ 






flTl 2 3_ 4 

1 <-t-flNC > 


/^V 


/\ 


S FINAL LOAD 


$ 2ND PARTIAL VANE (B) 


4b~ 


si: 

ii: 


SNSEO * 

3 • SNSE3 


DO 
.E 

lCASE 

~lH iP2 * ai 

PSURF SPl 1 3 MSET 14 

PSURF 4P2 1 3 MSET 

AN « AI - 1 


SI 


■snraiENTr 




* SQMA 


iH — 


402(4 

4 
24 




$ 

LET 

■■LET 


NC 


4LCI 


XFL0A(4N) 


"STS* 


S COSINE 
S SINE 

i TIME IMCR FMEMT FOP LOnpg 


f U i l 

4TB 


INC- 


LET 

LET 

i 


M2 

4T3 


4T0T^4 ♦ &TfNC 
4T0F4 + MINC 


LTTmI 4LC6 4T1 


LTIME 

LTIME 


4LCI 4T2 
4LC0 &T3 


« A 

S 0"1 2 V 


Ctime 

s 


"n6P 

4LC0 4 TV 


<-»-TIMC > 


7^ 


s final load • 0 


rCbAb cases 27-34 fOft mtvECT In EIOEn PftOOESiOft 

piup| V 1 liKPT 


D-45 




:mpo! 


Dir#cWy SAM_DISK [FONG SSME OUT 


'4. W.XT ; 1 


PSURF 

PSURF 

LCASE 

PSURF 

1 

JiSL 

1 3 MSET 12 

1 

30 

1 

1 3 MSET 13 
1 3 MSET 14 

i CASE 
PSURF 

ai 

1 

T T'liJSET 5T “ 

LCASE 

psuRf 

32 

1 

1 3 MSET 22 

tW’ 

Z2 

1 

i 3 HSfT lS 

LCASE 

PSURF 

f 

34 

1 

1 3 MSET 24 

ASSIGN 

s 

IPLT-2 

l QAQ 






i PRINTOUT LOAD TIME HISTORY 


RAT«1 001 

200 32000 

EIQEN OIAO 


BCDOUT\UNF0«CRAY\MRS«8OOO 8 MATL EV BC00UT\UNF0»CRAY\MRS»8OO0 8 ELEM.EV 

8 into ev bcoout\unfo«cray\mr5«80oo 8 k.nv 






BCDOUT\UNF0-CRAY\MRS-8OOO 8 NESH HEO 0 
BC0OUT\UNF0«CRAY\MRS«8OOO 8 NLST NV 0 ? 


MAI, 




BCOOUT\UNF0«CRAY\MR$«8OOO 8 
aCOOUT\UNF0«CRAy\(«S*8OOO 8 SY 


;ij»a«:MilJi: rWa K»M 

I^»I»A4U:ii»PH:LYA^ :;-n [*X»M:«llW.VJi»l 


BCOOUT\UNFO-CRAY\NRS*8000 8 UL 
BCOOUT\UNF0«CRAY\MRS«8OOO 8 VIB 


’ Directory SAM.I 

aC00UT\UNF0«CRAY\MRS»8OOO/EXTEN0 8 LMPF RV ? 

BCDOUT/EXTEND *7 EV RV ? 

BCOOUT/EMTENO 7 LTH CRM ? ^ 

BCDOUT /EXTEND 7 LMPF RV ? 





M id IVg 


• 1I#LLR CRY ; 1 Directory &AM.01Sk [rdM6 SSME 

MFL-2000000 US*66383fl 

ACCOUNT AC « 2 U^« 

• SSME 1MPELLER*MOOEL*-*MNAL*DYNAMIC* 














'“i IW»lL» iftvn Diroctory ^A»T!JT5Kr [FONG SSME IMP OUtj a2-MbV-g« 48 ^90 



JPO 

JPQ 

NT 86 

WT 87 

5 36 1.0601 <1 7838 <3 6660 

6 36 1 4071 -1 5182 -? 6 §pO - - . _ - 


JPO 

JPO 

JPQ 

NT U 
NT 89 
INT 90 
TNT 91 

1 M rTSSo -1 83 S 2 -3 ffiBo 

5 36 19777 -06112 -36660 

5 36 2 0621 *0 1804 -3 6660 

6 39 0 9^9 -15813 6 &IO 

] 

M 

JPO 

JPO 

JPQ 

iNT si 
NT 93 

INT 94 

IWT 96 

5 39 ? JiKJ -1 5468 -3 ffiio 

5 39 15886 -09185 -36650 

5 39 17632 -05418 -36660 

6 39 18280 -01699 -S.ffiSO 

1 

JPO 

JPO 

JPQ 

InT 96 
NT 97 

INT 98 

NT 99 

5 41 0 T370 -1 illj -1 MSO 

5 41 0 9876 -1 0665 -3 6660 

5 41 1 2676 -0 7272 -3 6660 

6 1 3880 -0 4290 *3 K60 

JPO 

JPO 

JPO 

JPO 

INT 10? 
INT 101 
INT 102 
INT 103 

5 41 1 447? -0 1266 -3 K60 
5 43 0 6138 -1 0427 -3 6660 
5 43 0 8226 -0 8874 -3 6660 

5 43 1 0475 -0-6067 -36660 

1 

: 

'JPSWT ?04 

JPOINT 106 
JPOINT 106 
JPQIWT 107 

5 43 1 Tie? -8 36 T 3 -5 KB 8 

5 43 1 2064 -0 1065 -3 6560 

5 1 4 3363 3 9639 -3 6264 

5 a 4 3327 3 675i -3 637^ 

1 

1 

1 

iMw — 

JPONT ^09 

>or*^T 

111- - 

'J>OIMT I 1 T 
JPOINT 113 
JPOINT 114 
.JPQIWT 115 

5 54 1404 3 36TI -3 SBo] 

5 74 0608 3 0468 -3 6630 

5 93 9639 2 7066 -3 6766 

5 11 3 9139 2 2899^ -3.6880 . .. 

~ 13 TTHB 1 77^J 

5 1 3 1634 4 9606 - 3 62< 

5 3 31372 46461 -363 

5 5 3 1243 AJJ271 -3^6B 

50 

54 

79 

04 

i 

1 

1 

j 

JPOINT 1 lg 
JPOINT 117 
JPOINT 118 
JPQIWT 119 

^ 7 TiTCS JTS5S -a 6630 

5 9 3 1273 3 6404 -3 6755 

5 11 3 1436 3 2632 -3 6880 

S ^3 3 5 ilM “? 29M - 

i 

1 

1 

j 

JPOlNT 12? 
JPOINT 121 
JPOINT 122 
JPOINT 123 

5 ^5 3 0966 5 6 B 60 -3 7008 
5 17 3 0571 2 0943 -3 7000 
5 19 2 9876 1 6966 -3 7000 

5 21 ? 8^70 1 20^3 "3-2909 ^ 

i 

] 

rjP5 

[JPO 
JPO 
I JPQ 

TnT T54 

INT 126 
INT '26 
TNT 127 

5 io 2 vSifi 0 SiiS -3 6S33 

5 26 2 6781 0 4009 -3 6833 

5 1 ' 7734 5 6010 -3 6254 

5 3 1 8276 5.2998 -3 6379 _ _ _ 

“ 

UPC 

JPC 

TJPC 

InT i56 
INT 129 
INT 130 
UNT 131 

5 5 1 9017 4 9869 - 3 IBW 
5 7 1 9852 4 6632 -3 6630 
5 9 2 0800 4 3261 -3 6756 

5 11 2 2481 3 9340 -3.6880 _ 

m 

JPC 
UPC 
I jpg 

iNT iSi 
IINT 133 
IINT 134 
tINT 136 

5 13 i 4724 3 JW -3 W 8 
5 1 0 2661 5 8694 -3 6264 
5 3 0 3931 5 5923 -3 6379 
5 50 5477 5 3090 -3 6504 


HS 

UPC 

UPC 

Ijpg 

[iNT l58 
IINT 137 
) NT 138 
JIMT 139 

? 78 7iW 8 0182 -3 m5o 

5 9 0 8842 4 7171 -3 6755 
5 11 1 0891 4 3982 -3 6880 
5 13 1 2762 4.0677 -3.79M 


TM 

llNT l3? 

5 15 1 44% 5 TOS*? -5 7888 


:wp -_3 Directory SAM_0ISK [f^ONQ SSME fMP OUf] 2i-NOV-88 66 4g“ ^9* 



rMPOT «7Tr 


0 iribtbry SAM^Qfgk! [POWB iSMC IMP -flUTT 


M d9 P^ge 



* IMPLU? CRY; t Directory SAM_0t$K [FONG SSME IMP OUT] ' M-^V-88 56 48 





IJPOINT 307 

ligSiki _ m 

-1 

1 

Directory SAM.DISK [FQNO SSME 

43 1 2100 0 0000 

as 1.0273 -1-74S1 

THP fiUT] 

‘1 4960 

22'-M0V-8fl 09 4ft 7 

IOpSIMt 5o5 

IJPOINT 310 
IJPOINT 311 

-hssim hi 

1 

1 

1 

— 1 ,.. 

35 

35 

35 

-.36 

1 3766 
1 7530 
1 9347 
2.Q173 

-<4852 
-1 0138 
-0 5979 
-Q 1765 

-1 2§0 
-1 2650 


i3WIMt 5i5 

IJPOINT 314 
IJPOINT 315 

T^OTNT 31T" 
IJPOINT 318 
IJPOINT 319 

1 

9 

7 

-f 

5 

3 

35 2 OKO 

13 0 0000 

13 0 0000 

IS QJX^ 

^5 (TIjooo 

21 0 0000 

21 0 0000 

.^21- QJMflO 

0 0000 -1 2650 

1 8360 -1 4960 

1 4527 -1 4960 

^ #^27 - ^ 

1 2100 • 1 2660 

1 2100 -0 1960 

0 8606 -0 1960 

0 8606 Q QQQQ 



IJPOINT 322 
IJPOINT 323 

1 

1 

1 

1 

23 

15 

9 

1 

0 0000 
0 0000 
0 0000 



0 5900 
0 5900 
0 5900 
- 8 |9QQ 

0 0000 
-1 2660 
-3 6660 


IJPOINT 3^ 
IJPOINT 327 

m 

3 

5 

— 5- 

1 

3 

3 

9 

0 0000 
0 0000 
- Q-jMO 

0 20 T 5 

0 9015 

1 3600 

^ 3SM 

-S3 ISO 
-5 2250 
-5 2260 

-3 


iJPfilMt 525 

IJPOINT 330 
IJPOINT 331 
l^INl 332 

9^ 
- 1 
- 1 
-1 

5 

39 

39 

39 

9 9ow 

0 9309 

1 2474 

i-sage 

1 9550 
-1 6813 
-1 3458 

’fi 

-5 eSbO 

-1 4960 
-1 4960 


ijMInt 555 

IJPOINT 334 
IJPOINT 335 

- 1 
« 1 
-1 

— S_ 

55 

39 

39 

2 

1 7S55 
1 8280 
1 8350 

-0 54T8 
-0 1599 
0 0000 

-1 4%0 

- 1 4960 


IJPOINT 460 
IJPOINT 465 

-3 

-3 

1 

3 

5 




' 


IJPOl 

IJPO 

IJPO 

m-m — H — i 

[NT 480 -3 11 

[NT 485 '3 13 

WI— '3 15 

rjpci 

IJPO 

IJPO 

IJPQ] 

[NT 496 ^3 17 ^ 

[NT 500 -3 19 

[NT 505 -3 21 

LNI .SIQ - -23- 

ijPgi 

IJPO 

IJPOl 

lueoj 

fWr 5i6 -3 M 

[NT 520 -3 27 

[NT 525 -3 29 

INI S3Q ai_ 

IJPOl 

ijpo: 

IJPO] 

[NT 535 -I 

[NT 540 
NT 60S 

[NI- IMI 

33 

35 

37 

j 

5 3103 2 6 133 


IJPOl 

IJPOl 

IJPQ] 

TjMI 

NT lOOi 
NT 1003 
NT 1004 

mm — 

1 

1 

1 

— 3 

2 5512 5 7i5i 

3 4354 4 7659 

2 0839 5 4930 

mi — mi— 

2 I4I2 

2 8492 
2 8492 




• IXPLLR CPY;1 Dtrectory SAM.DISK [FONQ SSME IMP OUT] — 66 48 Pfa ge 8 






































#MESH 7 
MSYS 1 





IJGPID 1 

SLINES 5T9585 334 249 312 244T159B-5 5 90 244 


IJNAHE 1S5 240 LOW HUB 

IJSOLID 0 0 1 




IJSOLID 466 170 1 SO 0 PQES C HUB 
IJSOLID 470 176 1 $0 0 P9ES D HUB 


IJSOLID 520 226 1 SO 0 P9ES N HUB 

IJSOLID 525 230 1 SO 0 PRES 0 HUB 

IJSOLID 530 236 1 SO 0 PRES P HUB 



1 540 1 SO 0 PRES S HUB 


HSYS 1 

SLIMES 5T96B5 334 249 312 244T159B-5 5 90 244 



HSYS 1 

SLIMES 1091 1367T1255B-6 1210T1150B-5 1001T1086B6 


SLIMES 1092 1358T1256B-6 1211T1151B-5 1002T1087B5 1032 1181 
PLIME 1087 1097 1092 



IJSOLID 

1046 

1451 

I SO 

0 


M IJSOLID 

1061 

1466 

SO 

0 

PRES K 

■ IJSOLID 

1066 

1461 

1 so 

0 

PRES L 


#MESH 1 
HSYS 1 

SLIMES 1181T1151B-S 1002T1032B6 1181 

T.IRDTn i 


SLIMES 1101T1107 1221T1215B-1 1101 
RULE 3 1 
IJSOLID 0 0 1 


HESH 1 

MERGE MESH 9 
#MESH 11 


SLIMES 1092 1368T1266B-6 1211T1186 
SLIMES 1107 1221 
PLIME 1087 1097 1092 


1221T1216B-1 1101T11 


■ IJSOLID 

■i IJSOLID 

0 0 
1001 

1 

1406 

1 SO 

0 PRES 

A SHRD 

IJSOLID 

1006 

1411 

1 SO 

0 PRES 

B SHRD 


IJSOL 














SLINES 1148 1362T1260B<6 1^4T13^<1 11 
PLINE 1147 114fl 1148 
RULE 3 1 



















MERQE HESH 1 2 9 10 17 
#HESH 18 




SLINES 1100T1121 27912678-1 1109 

i 0 3 0 

IJSOLID 0 0 1 
IJSOLID 159 1010 1 SO 0 PRES A VANS 


KNAME 324 326 2 1 
KNAME 0011 SIDE IME'HUB 
KNAME 0 0 19 19 SIDE TWO HUB 
MESH 3 


ROTATE -149 515 3 

ITS 

^.-INSERT INTO^MSET 11-14 FOR SYMMETRIC LOADING 






ft INSERT INTO MSET 21-24 FOR ANTISYMMETRIC LOADING 

m - 8 M 

MSET 21 OELE MSET 11 

MSET 22 COPY NAME PRES A VANS 


23 COPY NAME PRES A y/ANC 
23 INSE NAME PRES B VANC 


MSET 24 INSE NAME PRES 8 VAND 

MSET 24 DELE MSET 14 

nIFt 3 O^E MESH 1t2*i 
NSET 4 COPY NAME SIDE TWO 


NLIST 4 INSERT NSET 4 


LET SANG * 60 
GENSKEW 1 1 0 &ANG 0 1 

m I pf I — 

LET ilFNI • %IFlTnLST NV.O 1) 
LET 1IRN1 • ^LFMl&IFNI l) 

LET &IFN3 « ^IFLINLST NV 0 3) 
LET 4IRN3 « %LFM(&IFN3 l) 


DO 10 S.I«1 2000 1 

LET iNl ■ ^IBC1(&IRN1 &I) 

LET iN 2 ^ iTfici(ilRN2 &1) 
LET iN3 • ^IBC118tIRN3 &I 
lET %N4 ■ ^IBC1(&IRN4 &I) 

jI'O 2 iN- % h 7 2 2 ":i 

3tSCO« 2 iN' iN2 3 3 *:i 

3ENC0N 2 iN3 &N4 2 2 "Cl 

3ENC0N 2 iN3 SN4 3 3 "C 1 


10 N OP 

io nJS 


LET iIRM4 « ^RFM(&IFN4 1 0 &IRN4) 
LET iIRM3 « ^RFMialFN3 1 0 &IRN3 


lIt ^I RM2 «_ 
LET 4TR^ « 


• IMPLLR CRY;1 Directory SAM^DISK 

NSET 10 COPY FREQ 0 0 NAME TORQ IPUT 

^ SSSg Um 

NLIST 10 INSERT NSET 10 

LET 41FN1 » %IFL(NLST NV 0 10) 

LET 5N1 » lilBClf&IRNl &D 

IF 4N1 40 ,40 1 


1 ♦-U - 

LET 4/ » )(,XN(&N1 2) 

LET 4XY ■ iX / 4Y 

3|yC0N_2 4N1 &N1 1 2 Cl -1 C2 &XY 

40 


C2 &XY 0 1 0E9 


22-N0V-88 56 48 "Ptoge 24 
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Appendix E 

MASS AND LOAD PARTICIPATION FACTOR 
TABLES (OUTPUT) 
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MftH. / 

1 

Mooa 

Mumbar 

Fraquancy 

Participation 

Factor 

Global X 
Diraetion 
X 1.0E402 

“ lobal Y 
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Diraetion 
X 1 T 0 C 402 


193 

194 

195 

i9fi 

48079. 0141 
45137 9279 
46249 5757 
4B37a:QB96 

“TTJWSiFeii 
-8 193386E-06 
-1.1116B4E-04 

-0 1» 
0.000 
0.000 

0 077 
0,000 
0.000 
0 209 

-0.016 
0.000 
0.000 
0 R94 

i 

197 

198 

199 

--~2fl0„ 

^20.3768 
45491 7138 
45683 7934 
45703 0905 

1 485753E-04 
7 . 848942E^ 
-8.8E1693E-M>0 

S 000 

2.814 

-1.303 

o.oW 

4.706 

(rw8 

-1.908 

3.5^ 

1 

201 

202 

203 

4B92r4220 
46990 6498 
46012.0464 

6 87ie07|4W 
-3 67178tt400 

2.mit7|-03 

2. ns 

0 375 
0.000 



-0 527 
0.000 
1.042 

-0 175 
0.000 
0 no 

! 

i 

206 

206 

207 

4 I 32 O 8098 
463GS 3678 

2 .fifzTnE-W 
-1.0439^401 
-5.422»7|-06 

e .Ooo 

m 

O.Wo 

-7.479 

0.000 

o.iiSo 

-1.920 
0 OOO 




























ORIGINAL PAGE IS 
OF POOR QUALITY 


































ORIGINAL PAGE IS 
OF POOR QUALITY 
















































ORIGINAL PAGE IS 
OF POOR QUALITY 

























OF POOR QUALITY 


























































































ORJGINAL PAGE IS 
OF POOR QUALMY 














































































OF POOR QUALrrV 




































































































LMSC-HEC TR F268584-V1I 


Appendix F 

PERIODIC RESPONSE ANALYSIS (PRA) 
SOURCE CODE 


LOCKHEED-HUNTSVILLE ENGINEERING CENTER 















CF 1 L ( LOC+ 1 : LOC+ 1 2 ) » ' OR , RV 


1000 FORMAT (1X,A24,8I6) 


MlOR,MltY MIAX 


MAT ( IX . tOA 
WRITE (LUNIT 1060) IC.IEXT MWO 

PnOMAT TiW OtO flAl 


WRITE (LUNIT lOM) (QR(1 NS) 1«1 IP) 
1080 FORMAT (IX, 4E17 10) 


_ L(LX-»-1 LX+12)«- 

NS«0 

mlnq-nsteps 


WRITE (LUNIT 1000) CFIL.MFOR^NS .MLEV.MLMQ.MNRC 
MIQR.MitY NtAX 




XIX 


C OUTPUT CORNERS OF GENERALIZED RESPONSE AND TIMES 




IP1-1 
IP2-IP1 




1F(IP QT 3) IP3«IP“1 
1P4>1P 






































































IN* FILE "FORTRAN 
“OLLfO ey SETTIN 




C POINT LOADING AND LAST TIME POINT LOAD 
C ELSE SHOULD BE SET BY "BCOIN" FILE 



C INPUT DIAL BCDOUT DATA SETS. 
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Appendix G 

DYNAMIC ANALYSIS POST-PROCESSING 
RUNSTREAMS 


LOCKHEED-HUNTSVILLE ENGINEERING CENTER 
























XEROX EPS 
XEROX EPS 
XEROX EPS 
XEROX EPS 


XEROX EPS 
XEROX EPS 
XEROX EPS 
XEROX EPS 


XEROX EPS 
XEROX EPS 
XEROX EPS 
XEROX EPS 


XEROX EPS XEROX EPS XEROX EPS XEROX 
XEROX EPS XEROX EPS XEROX EPS XEROX 
XEROX EPS XEROX EPS XEROX EPS XEROX 
XEROX EPS XEROX EPS XEROX EPS XEROX 


DATE: 22 NOV 88 AT 08:56:23 

DEPARTMENT: CRAY* 

JOB ID: 188 REPORT NO. 10 

FILE ID: 

INPUT PROCESSING TIME: 00:00:06 

OUTPUT PROCESSING TIME: 00:00:11 

REPORT COMPLETION CODE; 4 

PAGES TO BIN: 11 

PAGES TO TRAY : 0 

PAPER PATH HOLES: 0 

LINES PRINTED; 239 

TAPE MOUNTS ; 1 

BLOCKS READ : 5 

BLOCKS SKIPPED: 0 

RECORDS READ: 212 

DJDE RECORDS READ: 5 

MAXIMUM COPY COUNT : 1 

OVERPRINTS: 0 

COLLATE: YES 

SF/MF: MULTI 

SIMPLEX/DUPLEX; DUPLEX 

JDE.JDL USED: QL , V 

ACCTINFO: FONG 

INITIAL FONT LIST; OLAND 


INITIAL FORM LIST: LOUAD 

(DJDE MODIFIED) 

INITIAL CME LIST: -NONE 


XEROX EPS 
XEROX EPS 
XEROX EPS 
XEROX EPS 


XEROX EPS 
XEROX EPS 
XEROX EPS 
XEROX EPS 


XEROX EPS XERO> XEROX EPS XEROX EPS XEROX 

XEROX EPS XERO> XEROX EPS XEROX EPS XEROX 

XEROX EPS XERO> G-5 XEROX EPS XEROX EPS XEROX 

XEROX EPS XERO) XEROX EPS XEROX EPS XEROX 


